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PROBLEM TO BE SOLVED: To prevent cracking and 
chipping on a cut face, and an interface by dividing an 
area constituted of nitride semiconductor crystal into 
chips by using a plurality of division grooves formed on a 
wafer. 

SOLUTION: An n-type GaN buffer layer 101 is formed, 
and then an n-type AIGaN clad layer 102 is formed, and 
a multiplex quantum well layer 103 being an active layer, 
a p-type AIGaN clad layer 104 and a p-type GaN 
contact layer 105 are formed. A wafer is reversed and 
n-type electrodes 106 are pattern-formed on the side of 
a GaN substrate. Then, the wafer is set in a dicer and 
first split grooves 108 are formed and second split 
grooves 109 are formed on the GaN substrate side of 
the wafer. An area constituted of nitride semiconductor 
crystal is chip-divided by using the split grooves 108 and 

109. 
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^»!Jg£^< Uc*#£F£U^ C^fc^J^P 

[0035] i^«(2LT. p!GaN3>^^Ml 
0 5 MOCVDSIl<0!;r^^-rt*^ffi* 

TZtt. mu&&tf8 5o°ci,zmLtzm&x\ nh 3 
a -crt ±iesffi»ffijtiaj«(46 5 
±1 sMT^ffiL^fc. ttz. wr&momm 

£(4. 3 0X:/#J2U:##iU>. 
[0036] ZOi. o ^zLXim^titz^m^y^y 

m&izzixwmttimik. wttmizx^ m 
mztix^&pm{tT--fr£ftb%<ti>. 

X'lZ P Wtt.cr>tm£*k LX^fz. tfz. pltfiMt 
±S3y??hJgifck©«LTVVi't:. SIMS (Sec 
ondary ionmass spectrosco 
P y ) a«*ff o fettfll, SS#*aiK#P SGaN3 
Fill 0 5«*ffiia»-C3 x 1 0 18 /cm3tlT 
X'f>-otz, 

[0037] %fmt>iz£&mikiz£ht. f&mmm 
NH 3 mR&*?mRmzzmM£xwFz-£tz 

»(4. pM'(K^*fi!Brr*»SMg<0?§ttft*J6ff 5i t*< 
»£>iVC^4. 1«ie?IS**}||J*(4. 5X1 0'Vcm 

[0 0 38] ;Oil: P lGaN3^? FBI 0 5* 
Wmz, **VT#XZN 2 XW&L. NH 3 cOi*i^*& 

t. ps-fb^fgL. /s««aisiififi»w»e*«awE*' 
w. 3>^^FjKiiS:ffi«T*#^. £tz. vmmm 
mzkhay?? h&mzz^zimt&iimk tr. 
sUMmmmm (pmmconmm) msz^vi-yyizx 

0l^*L. ^cO|^*ffi(:pM«fii^®^>g>tftv\ m 

&m$mm {vmmnmm) zmzthmmt. 1 o 

nmJJU^»4U<, #(=±^1(4^^^. ^Hififf 
OS®*»«JK^5 x 10 19 /c m 3 lilT(^-l»C: 
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=F*m®. Liz 7x; \-coi- -v TiHWfco v ^X 6 . 

[0 04 0] t-f. ilB^X^-OGaNS^MSrgf^ 
1 50wmfcL, MMffiLtr-f-So GaNltf 

tz#>Th&. mz, yvMi>L<iimmz<ktsizim* 

iGaNn^^MioSiC, Pd (4nm)/M 
o ( 3 nm) /Au ( 1 0 0 nm) cOJilC. 31*14 p! 

a, &kRcowmzmAL*&t>. soox;tn 2 »hsi 
iiz*&xyfi?h imnimmym $> tuz . ±te P a 

* ^° * - L iz oti . JErrcs** 4 IS 2 <o fW 0 
Mi. Mfcwffl&Z1xx^%^&MzBl&-t&iztbX'fo 
4. 

[004 1 3 a:*:, ^xys-Sr^SLtcLT, GaNi 
m&£. Ti ( 1 5nm) /A 1 ( 1 5 Onm) tCj;^ 
nS^S 10 6*. U 7 -f —WkX^-9—>ffi$L 

-Sc$-t!:4. 

[oo42] wm^^js-^r^^—iz^ y h l. k>> 

x;\-^GaN»S[j|K, S§30^m, iftff2 0 
m s h°-yf-3 5 0xxmc7)^l <7)SiJ0?ll 08*. 01 

( b ) tzTFiWH&ftxmtii Ltz . is 1 com 0 flt« , n 

SSffi 10 6 «I§ fLT t vfrv ^J-fc: jgfiWs i fc # 

4. 

[ 0 0 4 3 ] mz, >>X/\— CDGaNS^ffittt^f^- 
h *ft5# L , X ? 5 4 A— O-r— ?7U±(C G a NSKfll 

(p!GaN3y^?Ml 0 5*IH) ±fc. t°-yf-3 
50/xm, S$0. ljLtm N ^K5/zmT— @X?5-f 

. at:, ftgox? ? 4 zf^nzn Lxm&ifa 

fc, WmzLXX9Hy~$-h. LT 3 5 Om 

2<7)momi o 9 tzfzL, m2&m t )mi 

o 9 <r>m&&mt . flness i o » i o 8 oitMiaf 2 



fflt» i fm*{dfU<l 1-2 
0>4fc<±<l-l 0 0>3T|6|T2>S. ifc, SS2^»f| 

0» l o 9 1» i coftj yjmi o 8 Httcrawftis 

tlX^K^&g.lZB&L-fZZttflS-t U\ 
[0 044] X??4 ^ffy^SftU -7 
x^-?r^-y;^^^tK<9. *£lb££ffg«>4tf < o 
-7-Tl¥LST4*{;J: 9. 2 -Y y+</>Wxj\-& 

m^mORKltiiLtim. SW3tt9 8%Ja-tT*o 
[0045] *3Sfc9»?SST\ Da< R?ffflO»« 

^mi¥~^yyLtznmcr>m^mmwms±i,z 
fcm2to»tjD«*^L. m2nm ) o*m±'mi<nm y )m 

teJ:Kihm<mmLtzZtizXl. oi"9. 

« t ra*<oaft«i^ftT A S i i: . |bi-<7)^ ^ BH 

*f J* 5 ^ t^/^tt, 3? 1 £>§g 0 »*^2<55tg 0 
Si 0 fc»fi3&*J!£< , ill i;^260SiJD*(c*(t 

T«u;ii;j:s. a^, M2<r>m*)miz£~?xm 
tuzwumtf, &MV)®vmxwiti& tzMzi± . 
w o ausai5*»4)S» 2 0 *Jsgrr^rcom 1 osij 0 » 

[0046] i/c, 3HI^V^2O»I0»*ISftB!t« 

[0047] &ic?m*)ffl&b%i2<rm*)mmi) i m%& 
•t&t$. ffimmtfim 2 fiow 0 mem* mtixm 

tbjjfalzmtifz b LX h . m 1 <0M 0 flMItf/Sv 

mrieM^^fjn^wtL^m 1 (DMvmi&mz&m 
•ftzttfTZi. zcomizLx. r>yy°&vxQ^$km 

*WLt>-fc\tifiX'%&. 

[0048] mw^wmsi^zim^-^yyLtz 

iftmz-o^xm^tzbZZ, 1 x l 0 14 /c 

mmzmmmffl-tz z b tfx'% tz„ tfz. hvp 

-ey^*tf-o^lBlco^^#«cJl!i (Witf, 3 0 
O^rn) ZBfoLtibZZ. RtSEE«Lhfc:«**^< 
H - 1° y ^ LT V *fc ^ 111 Cff A^S^^fUR t Jt^ 
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[0049] g&fcowai. i&fth&w, mm 
^fommzm&Lx^h i 1 iMf^viiftw 

Srfgfil tint mtbhtiX v > £ OT*(±^r V \fr 

b%z$>ti&. m^M-'y-r^mmt. %$¥tm®.x'& 
*bt>ixx^&t:ih. m^mzmmzi-zigmv-t-y 

[00 50] ^mm^mmx^ m i nwim^mmz 

x -y ^ i tit^wttmm zmm lx t n 

X-y^-y?^ AHy^y*?^ jj-y f_ A 

E C RX 7f y^wfSJ ffll^ 1 1 *'t ^ 
£>. i>x 7 hx 7 fy^tl 

mjmktiffltcr>m&mmmtfi>&. ztit>cr>x.- y +yy 
mzmm-tt zbizx'o, mmmzx^mm^mwm 

tax -y f-y^^ff a fcfttii, u v ^? 7 * i 

[0051] Mm%m&i8cffi£t lt«. ^mmcom 

0 »(i , m 2 on *) mm* *)i>&< l& wuf & & =srn 
x^^^f^'-tcfc.s.mi^woa^i. 

^Mtx^?'! T'fcteJHLfca** ±fex-yf- 
2c7)fiJ0}imtiD^T(±, X??4 7ffmi>$}& L 

v\ Sr-tf^if, awsflK, toffljt aBgjs*fnr 

HfC&O. ^Wv-v^x.yf-y^Jt^T. <yxy\- 
W»TB#t!^x;\-£giJ "5SX*BFBt*^*V ><9T\ J*- 

*?xj\-frt>&< coi-vTznizttfx^ htztbX'h 

[00 53] §^t. #^Jfc»JB2rm, tfr^mzx? 
yJ774 >£m$LLfzfi\ Hi ( c ) fcSjrT i 3 

X^-£7)X-y^^{C£7)^ s -^(tS^MLtS 

O^mJiTF, a<ll m 1 <J0W 0«JSfB3Er»4>aS 2 ^>WI 

H - 1? y tlX ^ h %r£cr>If.frXh h . 
[00 54] £fc , *HMW^T\ G a NWIR&lRm 
LX 1 5 0vmmmX'B< ItzfiK *m&t>iz£& 

mmzxz t , mm F-t-y/j l*:g a NatK^jps 

ti2 0 0jumJJ[T#iF*L<. $ Steffi L<« 1 5 0 
\:y?'-th z b dzX-oX^WW^iz^-otzifi. mmco 

Mi* Mft. 3 0 0jum~6 0 0jumT*&.2><7)fc:**L 



[0055] ^wt<ojgjB<7)i 3 k» mi omvmom 

4LV^\ ^xyN-<7)jp^. (GaNS^CDff^.) ^')ft 
$^>t. mi<oS"J0»tm2^S!l0»i:^StLT^=5r 

[00 56] G a NS!Rtf>jp*<9TRIttti, #t:RI*>^r 

tft^x/s— *JfiWt^3t«), G a N^K-^ff ^TRSffi 
(±5 0//mia±* < aiLV\ 

[0057] *7t, tt*H-e^^S*utGaNaS«t^ 

tk&mm l t» < -t 4 mz , wt«* h - e y ^§ 

ESPtm2^iiJD«^SEtco«|!fggSi^@< LTfc J: 

^. ci^fc^^, tmmemmu. i&mv-t°y?'ztL 

fzGa NXMcom * b mmz 4 200/i mJJlT**i?4 L 
<s $^>tjff4L<Jil 5 0jumJ2[T, 5 0/xmJJUi-C 

[00583 ( mmcomm 2 > *9m<mm 2 -ci±. m 
l^snoai+tmsiomoa^^tT, i-vTimt 
humz^^xwpfith* 

[00 5 9] 02tt, CI(OOOl) nfGaNlt 
200, nSGaNA 7 7rf 2 0 1, nfAl.jGa 
1 . I1 Ni75-yHJl2 0 2, Stt*203, P iAl l2 G 
ai- l2 N?77b'i204, plGaNay^7M2 
0 5, nSti2 06, P Iti2 0 7, ^l^fJOiS 
2 0 8, St3<?DW"5»2 0 9*»j5>fl!(K§itTV^. Ga 
Nl«2 0 0li, i&mmmZ5x l 0 16 /cm 3 K-h° 

y^'Lx^h. 

[0060] m2<7)m.4m¥mW.mt? 'A F<7*3i 

[0061] frieM^*«*^7Kr-f vm=?£m 

[0062] 4-f , ±£^X/\-iOG a N»«|£ffi« 
WCfcOWaLT. F- fV^^^G a NS«« 

t < J4««»**tf«S[R!&» 4>^5 a^SfflET , toie^x 

A~^I 7 f>'y'Ji!tS. >TOX-yf-y^J^|{i s 

ffi, nM.mm<nay?7h&iiicoimbnmmMZffi± 

•t&tllibiZfto . Wft^X* P lGaN3^? hif20 
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5±lZ. Pd (7nm) /Au (80 nm) COJIt, 3S 
3£fiplI12 0 7 Sr^x/N-^B^j&L/tflL fiUI 

IGIUcLT. GaNaBKfflfc, Ti ( l 5nm) /A 
1 (150nm)CJ:6nIti206t >>x;^ 

[0063] fflfE^x/v-^^-fc-fe", <7i 
A-WGaNISIt^ GaNSt£7)<l-100>J 
|6j£*£HT, S5 5 0/im. §£H3 0;um, t"7f3 5 
OAtmt, <1 l-2 0>2f|*J ( huIB< 1-1 0 0>^" 

m. t7f3 00jum«0, KS 1 <5D»J^f 2 0 8£. nl 

[ o o 6 4 ] 3? i <m *)m±. wmmnz t z^m- 

hb. n S«® 2 0 6 *»«Ea StlTV^V ^^fcrj^^ 

s i <h &#* i^tK *m&<mmTi*. m 1 com d» 
fc^3c7)fijDs^isitBt?FM-ri»>it*^. ?i{aa-^ 

mz. mmntzfrnm&mm&zmrrtz. 

[ 0 0 6 5 J ^X^-^b^AWcOH ( Pffim 

S207) fcfietx-bfcJMiffU X?7^W)-f- 

5 0jum, »3 3/znu fi5/xm^<l-l 0 0>U 
|*Jfc— EIX 7 ^-rS . 5feScOX ? 5 4 7"*-[6j 

te*fLTfii££|fii (<1 l-2 0>3riftj) fc, b°-y^-3 
OOMm. I^^ra, *«5/zm"eaSlW«|"3»HaP 

T3 5 0//mX3 0 0 ^mftcOf-yTfc&S J: oiZX? 
yJy'yJyZAtl. Sl3<DSiJ>,?i2 0 9£®fiSc-f£. 
[0066]X?7^f 7f*. S5f+ >y ? SrtfKL, *> 
X.J\-^-f)V^h^LM 1 Ga Nifi»>^l< 

*^3 5 0^mX3 0 0/im^f77&$M^. f- 

vr^mmmiz? yy?, vyrmwmiLx&t, 

[0067] *HJfe<7)^^T\ *) &<J%m<7)WVt 

2- . i§» s- h - e y t tz m%&mim¥m#mffi.±.iz 
ml, lo, -mizwsr? &zb%<. mi (mom 

*izm&.Ltezbiz£&. oio. f8&mi>mLt>m% 



l, xm%> izmmtf h - b- y y% nx ^ h tz tbwtmfi& 

izm< & -> tz&ftxwmttzwx htztb, mmtteXfa 
iz^mzti&zt*ffi±L, mme>i-vTBViizmi 

•t& ZbtfX'Z htz*bX'h&« 

[0068] tiz. mvmzmmizBtfLLtzwt. m 
[0069] m.im^mwmu^^zimv-'cy-fLtz 
[0070] *nM^^®Tii. si i com K> m<mmz 

^yV^ffiBU^ <7X.y hX>yf->^H7-f 

ECRx 7 f y^ofa^fi^; 

n7M7fy/li Mxif. 77S, flftSM. 

[0071] vmmmBtfUjmb *mmcom 
mx-m-ftvfz^ isy?'\,zz.h)\-yj]'y hcom. 
54 7&*mmixi>&\,\ LfrLKWh. Wacom 1 ? 
ma. m3om<omm£*)i>fc< L%muf%t>%\,vz 
x?747tz*&mi<m*)M&fmi. mmt 

[0072] 4^:. *IHt<0JBJBT{±. » 3 COM 9 SMI 
ommzx 9 7-i7'ifemLtztiK ±Idx -y ^- y^ft. 
r^y^£«fflLT t\ L*>L^A>. SI 
3 cofj 0 Ktii (i , X? 7 >f t » 4 L 

-fytJttftLfcji*, HI (c) tStiolOxA-io 
X yvgp^^^, -*t^Jt«*»jaLT3RT4MWL 
i^*^-, »7X7WD|£Jgl?#l 5 0/xmlM 
T, fc L < ti . SI 3 CDSfl 0 «iSgE*^fe B a B ^««c7)«M 
4T<0fl]lfE)t*<. 1 5 0ul mWfTh hZbtm&L 

mv-fyrztLX^i m^cr>m^-xh t . 
[0073] *gm<wm<n£ o iz, si i om'omwz 
m 3 <m *) mzmf&Lxm&mzm< ^tzmmx. 7 

xyN-$r^ -y r^SUr S^ft , SI 3 coWl 0 »KSI5^4»tt 

JP*kR«C 200jum«TWiL< > S^fc#4 
L < {4 1 5 0 ju mOTT-fc h . ffirieWBrffiJicoJP^coT 

^^ft07n-feX(fJt'>xy\-*>Wt-S.T L4 d tz 

ft, swgggiiOTHttfi so// mja±*«ai u\ 

[0 0 74] 4fc. *ll«^»SR'CSf»LfetfBR* F— 



(10) 32 001-85736 (P2001-85736A) 



t°> 7 LtiG a N Mi , Km L^V ^ G a NatR^ff 
*20 0ximJ:OtJ¥<LT^5. i<0iktci0. fJ 

&flz£ ?y~/ -y h°y fimSzt h Z. t 

[0075] mmcomm3 > *wt»«t3-ci4, ft 

1 <0fij 0 it+fcft 3 coSO 0 ft* ft* L . $ 4> tlJESS 3 
M 0 « WRStfflt ft 2 COM 9 t T . + v Tftm 

[00761 03(1 CK 000 1) nlGaNSI 
300. nIGaNA 7 7Tl3 0 1 > nSA 1 xl Ga 
i- i1 N?57H1302, *gttS303. P lAl l2 G 
ai- l2 N?77K1304. piGaNay^? hJB3 

0 5. nS*fi§3 0 6. pltt307, ftlcOfiJDif 
308. ft3<OM9«309. ft2cO§iJ9»3 1 0*»6 
JftSfcSflTHS. GaNll3 0 0*diJISMlX 

1 0 16 /cm 3 *K-t° y^LT^S. 

[00771 03 «S«*i*Mr^ *- KcoKii 
;£r£fcov vaiHifcO/KB 1 1 n fc* h . 
[00781 iwfBM^¥3ltt?B^ *® 

[00 791 . JJE^x^-OGaNfflRfflfcOTS 
tUCi DflfSLT. <S*H-e^S<lfeGaN*Rcr) 
I$^200*tmtU itffi£iJL*-f£. GaNSSi 

[ 0 0 8 0 1 7 •yggi L,<ttj*#K£*WKijtt» 

=Sr § iS-^-^ST . fff B>7xy v- * x ■/ y ftmt 

■&&U f &'ffcJI*l$*U pI, nS«ffi<0=i>'*? hffi 

SGaNr?y^^hJf3 0 5±(C. P d (3nm)/T 
i ( 3 nm) /Au ( 1 2 nm) Olll;. ^3fcttpS« 

«ficog?S**SA U3r#6 N 5 0 0°CT"N 2 «HM*T- 
T--)V*in^tz. icoifctio. PltiMCi 

-So 

[0081]^:, ^xyA-Sr^jILtCtT. GaNi 
mmiz. Mo ( 1 5 nm) /A 1 (15 0 nm) tz£& 
n 3 0 6*. !)V/77-( -fefgTV ^ - ^fiSc, 

StXROTJKc n!tlA7-y^ML, to, gij 



[0082] frlE^xyN-*^'^ -y--^^ . y j. W? 
XV V- COG a NS^MC. < 1 - 1 0 0 >^T|6lt^o 
T. S?20/im. §£112 Ojum. b°vf-3 50^m 

<1 l-2 0>77r6l (WIB77f6]taE7J[*I) fc»o 
T. ?5l$20^m. HiS20jum. hf-yf-3 4 5/xm 
CO. ftlcOMDif 3 0 8*»j£L*;. ftKOfJOitfi. 
n Mfliffi 3 0 6 ififflk £ ixt V vfc v ^H^jft-f & £ fc 

[0 083] X^^-f^^-cO^W FifC". 
ft 1 <OS0 0 »J^W«ff T . f7f3 50 

Atm. ?££5.«m. IMl5jtzm*<l-l 00>77f^tC 

-tux j? 5 •< 7"-r & . i^tc . ^gcox ^ ^ >f f-H^zn 

LTSlS^ffi] (<1 1 -2 0>77r&l) fe, f-yf34 5 
wm. I?5^m. *K5/im"CaSl«OW9atlS»<0{i 

5 0/imX34 5umftc?)J-y7l l z%:&£ol l ZX7y4 

[0 084]gSUT, ^x^-cOGaN^fllltC^v- 
-h*mtL. X?yA) n'-cOx- T'/PitC GaNIi 

f*. x^7^^'-coy^^vK$+T-. S^AMcOffi 

( P lGaN3y^7M3 0 5«I)it. fcf-y^-3 
50//m. g|§0. 1 A<m. HH5x«m*< 1 - 1 0 0 

Jjfiil/ZMLXmWj^] (<1 l-2 0>^r|pj) tc. — HI 
^^5>fy-fft. i«:U3 50ymX345 J um 
ftcof-»/Tt^SJ:oCX^7'f7'7-f y*Ati. ft2 
co«iJ0ft3 1 OZBtfitZ. fzfzL. ft2cOM0*3 1 
OcO^fiWi, BtflBft3coSii0ii3 0 9 t{I»-gcL 
fzHLW-k-th. *st, ft2c0fij'9i«3 1 O^ftlcOfJD 
«3 0 8 t tiT V i&mzBfct 

[0085U7^m KS^ y^*)K3ftt. 
x; n- * f - ^3&> 6 ft "9 . G a NXKfflft* <>£ < 

0. 2>f >+<j><7)*7XJ\- 
frt>3 5 0jumX34 S/zmftco^ yT'Sr^Sc^Jt. f- 
•y rcOflJHfffl K ^ 5 -y ^ . f - -y t t T fc' 

-f. ftJ^mcOlsv^SrrooaiL^Fr, ^s^otigs 

[0086] *mm(?)Bmx\ *)Sk<jmm^. 
x-i- -y 7ftmrr£ txwi* 5&tm z&ttmfcwmfrm 
*. tmiv-t'yr LKm&'vmim^mfcmwLkiz 

WML. R-z>, -mz®W?Z>z\f%<. ft3cOfI0» 
*ftlcoHD*R:#S&U Sn^T. ft3coMO«0^ 
fiS t R^fflcofiSfcft 2 cos? 0 »*«^ Ltz Z t iz X 

h. z<Dztiz£L mt<7)&m 1 1 mmnmm 2 <rm 
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coo87] ^mmmmxn. m i comom^mmz 

^y^y^m. 4*y$vyf^ mm^^yh'-j, 
4. ^i-yM'/fy/tt, ffitttr. 7</K, £ttig. 

t m&msmmwh * . *r*fu ^ >,^yy 
[0088] *mmnm 

»2fc»3«o»|i5if«j;9«w£< L&Wxli-SrA, 

[0089]^ *HSS£7)^®-C{i. m2bM3<m 
0 Itecoffttx ?y-C<-£&m Lfc#, JfcJBx -y ^ 

[ 0 0 9 0 ] § £>fc. =*3S*<D?g||rcJi. »«tx^ 

t^tt^ y^jprttfc* 1 , 01 (c) fcftiac-) 

OumlXT, tL<(i. *2<o»lOJIiKas*^JB3iO»J 
9 TOflJBfffiJft&J 15 0// m&TX'fc h i t 

* C«* F - t° > ^$ tLT ^ S ^nm^Xh h . 

[ o o 9 1 ] a*;, *mmcr>mmx\ siK-e>/L 

)tGaNiMiiU2 0 0^mgJg4-C"fi< L£ 

*k mmcwmi xj&vzi 5 tz. ^-yrmummz 

-*-£fc#>(CttG a NS^OJS§{i2 0 0 vm&T&-»& 
L<. L<<41 5 O/xm&T. SO^mJiLh 

««^**?W«LT»<1-*ffit^ 3P#«fcgG a N* 

<m o mcrm*) mnssMt <&mtm*n 

<LTtJ:V\ zico^co. MiEflJSfieitti. 
f>-^S:tr-5ytrGaN^^J^fc|g«(c s 2 0 0^m 

0jumkLLT'&& 

(%mco&B4) *mk?>&m4iz. mmrmmico, 
< Bfc Lfzm^cr)^ .y y°ttmz~mxmwtz . ; ; 

[0 0 9 2] 04 (±. CM (000 1 ) nIGaNIS 
4 0 0. nlGaNyN* 7 77l40 1, nlAl^Ga 
i-,iN?7yKl402 > vStt«4 0 3 . P lAl l2 G 



ai- l2 N^77Kl4 04, plGaN3y^7M4 
05. nISS4 0 6 . p%mM4 0 7. 1 tfO#J03t 
4 0 8, »2<9W9»4 0 9awMft£3*VOvS. Kflfi 
GaNSi4 00li *S*i!tg2 X 1 0 I7 /cm 3 J H 

[ o o 9 3 ] 04 nmcwmfowty* wmm 

[0094] OTtC JJEaftfc¥*#$fc#^>f H 

[009 5] 4 -f s ild^x/N-OG a N*&(i£®f® 
«fciOW«LT. ig*h*-ty/^GaNit(7) 

x; \- £x y l-y^'umtS . i COX <y f - 

[0096] iXic s mrlB'7xy\-S- y yy^ 7 ^ 
-?X7%m*L, feSJSSW^iB ( P SGaNa^^ 
h«) ^±CLT, RJKtt>f Jl-^xy^-y^iiafc-fe y 

<l-10 0>JMot,8!?0. 5^m,Iil 
O^rn. t</f-3 5 0jumfc. <1 l-2 0>^T|*lfc^ 
-?T. Sl$0. 5^m v HtSl O^m, fvf 2 5 0/x 

SrflXOI^^ . pMGaNrjy^>?hjl4 0 5±C Pd 
(4nm)/Au (lOnm) cOJUT, STettpMmflg 

[0097] ^(C, UIBpmW^^fto^^xyN- 
Sr. iiWltJ^AL^f,, 5 5 0°CT-N 2 #ffl^i 

[ 0 0 9 8 ] fe^^M^H (Pltiftt) 
IZftmis- h S-fiSft L . r>f ^-C0x-77P±^G a N 
*MJlSr±t LT3S 0 ft(t. «y ?Tmi£t& . 

H^f*. r-f-9"-T% GaNS«Wc7)ffl±tC, h°-y^-3 
50x<m, K20^m, HifS 5 0 /z m i: . h°-yf-25 
0/xrru I?20/xm. S5(g5 0 Aim«. HlOgflOil 

4 0 8Sr. -e#i-r^<l-l 0 0>*|6jt<l 1-2 0 
>^t^L7t. itf5«(;LT3 5 0/zmX2 5 0)U 

lO»'J 1 9«4 0 8 2r^t-S. ^^t. miCDW\*)m4 

0 8^«ffl!Bi, « 1 mm^Mkmm^izmsd^ 

2 COM 0 » 4 0 9 J: a fc-T* . 

[0099]^>f ^>?'f£, KS^-^ «y ^ *»&L, *j 

w^mi/z, mmi snmco^y/xfy (w) /mMi 

5 0nmcO7*;PS (A 1 ) Izl h nlfl4 0 6 *B$L 
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■fh. *<7M. GaNiHHg<n-7-t*ffL§ 

2 5 0 urnftCDi- >yy°Z%>m%?2, f--y TCO-TOBtWC? 
y >y 7 , ?->y ty/f^m LTfc 6-f . ^^W* 

[oioo] #n;tt?»T\ o^<maco®« 
(Dsn 0 amm 1 £osu 0 mm x *)i>m<mmLtizt&£ 

;fcfci'9.»2<OSlIO»fc:J:o tlMStiP . * 
» 2 <nm 9 MUTO^Sil 1 «W 0 S Wj^MMMc 

[0102] a*:, »2osooaii£«p*^ a-fk^awfc 
c i: < . m^R<m±mt:imtt z t 

J&SLfcOJi, 7%7£ffim£7^<T&^ftT , S>&„ i 

tz, micvwiKiffimtig2comK)mmi)m%z>w&ii. 

[0 103] LfrL%&$>. m2cym*)m£x.-yi~>7' 

[0104] afcfl^^gtf'teaBB L£ 
[0105] «at<J5Wrci±, ffl<0M9#^»BAlc 

?4 Z/yfZ&m LtztlK »7X «y hX-yfy/^ H7^f 

e c Rx 7 f y/^f «f Mfflv^: ti>t^ 

4. ^I-yMyfyy'li Miif. 7-yBL 
[0106] !fe)SW&#lJEM*&i LTt±. *K8t<07B 

y^ymzmmLxi,^. l^l&#'£>. mono 
ma. m2m\ ] ommx^^< Liiw^^ii^ 



[oio7]ifc. *mt<mmx'i±. w,2<nm*)mm 

LfrLZctft). *mk<VBM<7). m2c7)M*)m 

U^'y^yy^nytzMz^ 'J i 

[0108] #Hifcym>ST\ igfK-t"y/L 
^GaNlt^liUl OOjumg^iT-gK L7t 

*\ m^comm 1 t^^^ i a tc , f-y y-^m^mz 

■f&fcibiZiiG a NS«i0ffS{± 2 0 0 /x mOT^f * 
L<. $^>fc»*L<«l 5 0/xmJ^T, 5 0*tmJ^Lh 

[0 109] StK-ty/^/lGaNlS 

fi<t-s*at LT, minm<0Mco&&tm2cr>WlK> 

2 0 0wmJaT* i *fit<. 
L<«il 5 OjwmJaT, 5 0 

mim\ y )-m^phh\m.m2<y)^\ ] om^. i>t<i&. m 
i tm2comK>mmmz. x^^^yy^y^mmLx 
^•yy°ttw\Lxi>&\<K ttz. mi (c> tc^-r^a 
mi^fijo«tL<{im2wm , 9»^x.y^7> 

«^-, ^xyN-cogJSW 1 5 0 ju m£TR i L < (i, 

m i <ow 9 £ $ 2 <oiw o m&mt x'cowmm 
isnff *j j: uf wstti . mm* izim ^-^y^ti 

X^&ifr&<r)W.?f.X-h& « 

[0110] (H*^JB5 ) *HSS^JB5{4. USS 

vTftwnz^xmw^h, zzx\ ta&i&gMtii. 

[0111] 05{i. CI(OOOl) nlGaNlt 
500. nlGaN;\'77r!501, nlAl„Ga 
i-nN^5-yHJl5 0 2, vStt«5 0 3. pIA1 i2 G 
ai- l2 N?7->'Pl504, p!GaN3y^^M5 
0 5. nlt!5 0 6, pM«H507. WUCOWMM 
5 0 8. H2OS09»5 0 9^ii>fl|J«§nTV^„ f(S 
GaNlt500(i ^*?1JS1 X 1 0i«/cm3*H 

-vyfLx^z. 

[oii2] m5nm.mmiw.mity 4 x-vvmM 
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[0113] jBiTtc. ismitwmftffltyj 

[0 114] £"f\ Ue^xyN-^GaN^KffiSrBfa 
-£x •yfy^tS. <r^x-yf-y^©®i. fflJg 

c±oT£tfc£ias»at^«*isfc*u pI« n 

#>fc:?T5. &Wt s ^xys-$:KiIL^fC. GaNl 
T i ( 1 5 nm) /Mo (1 50nm) CJ:|> 
nlfl5 0 6j, ^xys-^Mfc^-T^. iXfc. r 
•< t-«f-^iCG a N£««£±fc: LT3R 0 ft 

ft. m^vv7x°m%.-tz>> hje», m--x\ g 

aN3S«ffl|c0® ( ntiftS) ±fc. 5 0// 

m N S§100//m, |g(S8 0/zmt. ^yfl5 0^ 
m N SSlOOjunu H1§8 0wmC0. SI 1 tf)W 0 ft 5 
085:, %ix%i\<l - 1 0 0>^t<l 1 - 2 0> 
UfalZB^XlBtfLLti. ^ff>mzLX3 5 0/imX 1 5 

[ 0 1 1 5 ] *S&&ftfflfcOfl5£±£LT ( PIG 

a.Na>?7hmm<?m) . Kjctt-f^^xy^-y^ 

J&HM±fc. S53 4/znu il20/zm, t»/f3 50 
Atmi:, $fc(f 2 Ojum, fyf 1 50iim 

IS2c7)M0?f 5 0 95, -WvWK 1 - 1 0 0>J 
$lb<l I -20>H faliZft-oXm&Ltz. tztzL. ft 

2^mo»5 o 9<mmma. wnm*)m^os<m 

Ktf>{30r'f'*8Lt £15iBSI 2 0D8II 0 ft 5 0 9 AMR-*-* 

.t a t-r ft . 

[0 116] p!GaN3 
y^^M50 5±tC. s Pd (2nm)/Ni ( 2 n 
m ) /A u ( 1 0 n m ) WJIK. 'J 4 
ffl^T^tt P Mmffi5 0 7£^-y»fft. & 

fc. fuiepiM&^T-^vxyN-^ »mo&x& 

mXLKtfC 6 0 0'C-CN 2 #H^-CTx-;l,$-ff 

[0 117] »>xyN-5^IttLT. GaNl 

-7— Tl«PLirCft*KJ:*K 24>1~<t><F>*7XJ\—fr> 
h3 5 Owmx 1 5 0*tmftc0f-«yr*^jR»fe. f-y 
7V>flJ»riB£ ? 5 * ? . & -y t° y LT *5 



%J3LhT*-5fe. L*>L3r#£>, SS2«9t!9ft£x.y?- 

[0118] *mmcommx\ <o&<mm<?>jm 
&tffi9S£m.k<?>%mi:*)t>&<Btf(.L. m2<vw\r)m 

/ £ fit ^ ft A4MW**§« Izfr-otzZtb. m2<0W\ 
0 , m 2 cow "9 jWc «t o TSftft^f JfiHW*. ftM^Brgg 

srtwi-ft tfttii m2(DW\K> m%Mfr e>vm2 com 
vms&Timm i wfo oft^^oM^Hci'j^rft 

f^m^^- >y rmmztm-th z t tfx-z ft ^*-c* ft . 

^ 2 com *) mz&g&f&M:mcomizmf& ttzco 
a. wmm*±*<-t&tz*bX'foz>. ttz. micowi 
o «ff t m 2 com <o mmtmtc zm&iz. mmcomm 1 

[oii9] %t>iz, m2com>oMigMtf. mim^m 
fam b mm t cozmx o t ?mv ^y>. f - >y r ^mpjoir 

M-rft^t^'t-^fto a/s, m 2 o»i o 

^>yr^fwti. «s?r v-^y^Ltzmm^m 

fcmL*cr>t>cr><DftmX'i>*) , JS»5^< h'-e^L 

ft £ t ft . »fb«jiN»*ai«+fc«* K-ty/ 
LfcSMRtov vcte s mmcomm 1 1 n tx-* ft . 

[0120] ^aSwJBJBT*(4. mi coWOft^ffMt 
^^y^'&fi6fflL^A\ ^x.y M^fy/^K?^ 
x ■y^-yj/^J: ft^ft^r^-caiS-m LT 
C\ K^X y^y^T'&tlJf, «iif, Kfaim-y 

ECRx 7 fy^sf^a5»^;im 
ft 0 7x 7 bx 7 f y/ii witf. 7-yg§, 

fc LT(i, **Jffe^^®T«^ t *: r-f ^ y i ft a 

t^*^>. Sl«SiJ0ft«±. ^2«SiJ'9«6J: , 9^/S< 
t^fmti'^^^v^y), X?vA 7<,z£Z>mi<VM*) 

[ 0 1 2 1 ] 4fc, *Htt<0^«-CI4. SGCD«I"9»« 
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%w Lj&»L2r#6. *mm<vmm<n, ft2CDfijo?i 

*<>#*U\ 3M£3r£>f4\ C^x^oxy^-y^^fij 

[0122] *^Mo»«T-(4. mi^>mK>mtm2co 

» 7#mt& tz#>. ft 1 9flM»U*&*2 coSO 
0 * T<^flJBfl0t*«» v^W«SLv\ Ml 2W 
Br8E8tl4, SSH-ey^ff^JtGaN^KfOJS^t 

1 5 0^mjaTTft6. MfEWBPEBilO/S^TIKffi 

{4. &£ffi|fc&v^ fciOfctarfa^i:. apf-fto 

mm&vyrmmt sou mj-M^ u\ 
C0123] ttz. ^m^mmxmmLtzmmi: h- 

t^/UGaN »g{± , WW l^K G a N36BUOff 
*20 0jLtm«fc9iJP<l/CV*4. icOifcfcliO, fJ 

[0 124] ^fcojBm^OTOfcfcrJni-c. ft3^»| 
9»tLT, ftl^9»*&4vtoft2tf>»l9if'K 
tt<(4, tm2cr>ffl*)mWJTlZ. 
y£BfS,LXj-vy°ftmLTt>&\,\ ttz. 01 (c) 
t&irf J: o fc . ft 1 com *)Ml> L < i4ft2<D«| 0 *<7)x 

V\ £<0»£. ^xys-^jKJP^'l 5 0//mfilT, t 
I < (4, ftKOfiJ 0 «j|l**»6fS2c^W "5 «jS954 TOW 
tBHEK** 15 0// mOTT'* 4 U \ fc rtf 

u mm&m&£T/miffl®±. mfcwzt&mv-v 
yy^tvz^h ^cDWz-X'h 4 . 
[0125] ( mkco&m 6 ) ^mkcomm e (4 . mm 
cvmm 1 co&m Y-\zyy\_ tz^mmmms. < mm 

mcomx-l 5 0/zm) £\ <g*K— ty^ffoTl^ 

v &fc!fft¥#ft£K ( mmtom* ioo^m) ksk 

LfcGWHi* *8t*>J8Bl fcRtT&4. 
[0126] *^*<o^Siof-'yr^(:ov^T^Bj^- 
4. feftl£*{ffli:(4. 3Mft:**-$-4KS*ffii£ 

<ommix, imv-vyrztix^^GaNmx.co 

1 0 0/imtt§, 
[0 1 2 7] flfrie^xyv-S-r^— £±9. GaNl 
lit. S§30^m, H20//m, 5 Oju 

mOftlOfiJ 0» 1 0 8 ^S^SfflOffl^X^ 7 -Y 



5jum<7)ft2coH0»l O9£01 ( b ) \,Z^-$W?& 

{4. msm 1 nm^on 1 0 s^jng^jjapfj^t— ^ 

Wli, Sftfc^tt£*tt,T<l l-2 0>afcli<l 

-1 oo>;friftrc&4. 

[0 128] X?7^7'flL JE£f»*>y?S:JJ*ftU -7 

L^T4^(C4 0. 2Ay*}~<t><F>^3U\—fr 
h 3 5 0 At mft^f y 7°£ £iW#7t . f - -y rsoWWrMK 
9?<v9* •^•yb°yj?W^LTfc^-r. Wm*$k<?> 

fz» 

[0129] #Hj&|<0®<iT\ ;8N?i 0 9 0 %VJ±C0. 

mmcmtf.x'* -y t4hctc& fcoii. zmmzftttmit 
l -mztymi-$>zt%<. mi<DM*)mtm2cr>m 

K)ffi£Bf&L. ft2tfOf(JD»i4micr ) SiJ0«fs4'9^J* 

ii^t. &i^vm&m2cow t )mj: r )i>imtf& 
<k *) . ft 2 com *)Miz x o tMfitaw . mmmm 

ft 2 OfiJ "9aH£»*»4»Rft 2 «0 

w o m isMTUcom i osij o mmsMcommMzf mt 
h . jifiko^v ^ft 2 d «&M B B B ^fiijc7)atc»)t l 

^(4, J63era»*±S<-^-53tftTft4. ftl 
CM 0 j»i fc ft 2 o W 0 3Mi*«a^r 4 S*{4 . HJt^» 
ffil<h|iI«T'J>4. 

[0130] mmnmmi tit^zt. f-yr^* 
o 3&hst l -c v ^ ^{4 » mitm-mttmfc* izt&m h - 

^< <h t 2 liiLtcom 0 fli^^-ti-^t^ -Sfcf7 
7-4HW^-Sfi£*tclfc^T. ^{4*tl 0%J3Lhi*i± 

[0131] ^mm^Bmxn. ft 1 »m om^nec 
^"-f i/yyz&mLfztf^ ^x-y hx- y fy^K7>f 
x -y +yymz 4 4 ft^W=Or*ffi-C«*®jS LT S 

x.y^-y^ A*y$vy?m. m%A*yt'-j* 

4. -/X7hX7fy/li M^.(4\ 7 7l> ffigtfft. 
iMiSW^MS. fz?z"L, MIBx.yf- 

[0132] ^aW^r«ffM^t LTI4, ^mWM 

mxmitLtz?A i/ynzi -y 

5>f^*ttfflLT<>^^. L*»L^6. ftl^fJO 
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omfav&mtx mm ttztK ±ibx „ ^-y 
[0133] *mm<mmx*\z. ^-wzx^^a 

A yZBfcLtzbK 01(c) &jtt i o iz^xj\-ff) 

T, *>L<{±, »l<OM"3»JS»*»6ft2<7)WI0»iSffl 
^T'COWUfggii* 4 ' 1 0 0 /z mJaTT*4 £ i: £ L 

w tztzL. wemmt. mm^mw.mx.^zim 

[0134] igfg£ H— \Z>?LX\>ft\^m.1tW£Mfc 

wmt. umz Y-vyyLtzmm^mmMizikK 
x. *vrwmtmL<^ mm.<?>m*£m<-ri>z.ktf 
#*u\ *5mmt>iz£zmiiz£hb. 
yr&ix^^mimimfaminmziii 5 o um 

L < . § £, £ff * L < it 1 0 0 u m&Ttfif 

£ ifr-otz* tsmv-vyrzLx^tci ^■ftfytf-mtk 

*ttf&b^ ^it(r>tz^)(7-)y'u^x^z^x.j\-t,mti 

us i cow o «cosgph m 2 com <o mcom^t crtmtm 
LTt.tv>. .rcotico. mrie«»fgE?i{i. urn 

F-t^?iW^)GaNlt^iii(;, i 
5 0//mJaT**»4L<, J^tMKIil OOwm 

[0135] (mm<7)BM7 ) *^Mco^«7{i, HJfe 

co«ag 2 co^ v-h-y y i tzmftm-mim®. ( mm 

v^kUj*aWM6« (Waj»^JP»2 0 0^m) (c^jg 

L^WHi. mi&<DBm2 1 m txhh. 
[0136] *nss^s^-?-vr^sijtov^TiKBj-r 

[0 13 7] ^X^-OGaNaHgffl!*?Sff*aifc:J:0W 

£2 0 0//mt^^„ WIB^X^n— ^^%f-y-_ iz£ K) n 
GaN£M({;; x <l-10 0>*|S|t:jS-3T, 5 
O/zm. *SifS3 0^m N t°-yf-3 5 0.umh, <1 1- 
2 0>W n ST, &3 5 0jum, I|30^m, h° 
m0)W9ai2 0 8 SE 
HT. luIBm2t7)M , 9SESI5cO{i{J'4'*||tfa^T. * 
^^VC-(CJ:»), <1-10 0>»^T, t?-y 
f-3 5 Ox/m, ^3//m, Hg5^mi:, <1 1 - 2 



* 3 cow o « 2 o 9 . una* 1 <rm o « 2 

0 8 tf)j£IB±fc: , ifrffiljl 1 Of!) 0 ifKHatSffiftAK i 

-^tzm.b-ti>. 

[0 138] x^^A^m. 3tffif-+>y?£»ftU V 
X y \- £ -f - 771^ £ UR 9 . GaN SIRM^ 4. < 
a-7-T-fftST4*(cJ:0, 2>f >-f-^<7)«7xyN- 
* l ^3 5 O^tmX 1 0 0^m^|<?Df--y7°S:#ffcf|7t o f- 
■y TCDWWmz? yy9. f^t >-?W?S± LTfc 4> 

[0139] *^S<7)®®T\ 085 %&±co. 

mmcoBttxi- >v7ftmx* tzcoiz, mMz^tsmt 
w&mm*^ n^m^wmwmLt^zm^L. a. 
-mztm-t&zb%<. micom^mb^coM 

mZW&LL. »3^W0»*3Bl^)«I0»«t»fc:»jSL 

b,m3CDw\o mzm 1 com 0 aisa5<o{ii?+*»{;» 

oT0JSL7tittcJ:O. m3^f(J0»tJ:- 3 TifJii^ 
m 1 COM 0 »fc J: o T ^SP«(=?f < =5:o fe» 

i t *R&± t . mMco^ -y T-JBtffcflJBr*-* c 

ztztox-foh* m 'omzmz.momzB&Ltzcoi.i, m 

1 ^mm^bm2cop}y)mmj>m%&w&i^ msm 
mmi bmmxhz. 

[0 140] mmcr,Bm2bkt^&b. i- yTcot&gt 
0 LX v ^ coii . aMM*¥*tt»«*fc:*S* K- 

^< b t 2oJJL£<oM'9»^0lSW^ -S(;f 7 

[0141] *^Mcom^Tii. mi cr>m<omcoBmz 

¥4 ^yy^mMLtztK ^X.y hX 7 fy^b'7^f 

\,\ v^m-y+yvx'htuf. man. fc&&4*y 

S. <>l7M 7 fy/(i < «i{f, 7vS. SML 
«i«»fc«SK««^IJB^E*«ft6. ^'L. i 7 fyy 

[0142] mm%mBfomkb lx\±, #$m<m 
mx-mitLtzyj isyyiz£%j\-7ij hcoffe, 

xtyAyizk&micommmmi., ht^nt 
t^btt^t^w £tz. *mm?)BBxn. m3<7>m 
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[0143] *mmcr>mmx'\±. fer-mzxy^j y? 

A yiMf&LttK Ml (c) IZtftX o l,zy^;\~<7) 

TiftU. .T<7)i§£\ ^x;\-o|£jyPrtU 0 0/xmiit 
T, t L < (4 , m 3 COW 0 «&gP#> &t£ AJ&ftHO&il 
* TCDfflBffimtf . 100/z m JilTT"$> 4It*sffJL 

[0144] t&m& 1f>^LTVv^V)fltfl^lMNtffc 

y^LTV^V^S-ftfe^^^^if §{il 5 0^m 
tW*?SL<, §fet*fiL<{410 0jLtmjaT, 5 
O/zmJJLh-CfeS. 

[0145] *mtkcommco * o iz. & 1 oho #mhc 

MIBflJUflEEBf {4 „ H - tf y X V ^ V MAWn 

^mw-w^<^w & t mmz . 1 5 0 ^ m ot** # * l 

< , $ KJff 4 L < J4 1 0 0 jjl mJilTT'S) & . tuKWKr 

-f^S b , S^cofctocy^u^x^^x^-^Wi 
4 T L 4 -5 fcft s mmtmOTWlffii 5 0u m£Lk& 

[oi46]^, ^mmcDmmxmmtfzi&m* h- 

WHROJI^lSOAimiHKL-C^. .liD-It 

£.-tz>zt*m±Lx\^. 
[0147] (mm<mm8 > afr^ttojBmsti, 
w^jb 3 h - t-y/ L^s<ff»a*#*iK ( wig 

[0148] *50t<0^JBi0f-./7 , 4MWfc:'OV^TKBW 

4. ^«*fflit{4, aeKWfcit^-ssstfiii' 

1 5 0wmtn. mie^xyx-^^Hf-tJ; 
0, Ga NSMIC < 1 - 1 0 0 >J-|6j^a-5T . 31 
?20^m, H1S20/zm. b-y^-4 0 0 jmmb „ <1 
1-2 0>M:&ST, »3 2 0jurru HS2 0// 
nu f y^l OOxtmtO. mi^»)ai3O8$-0figL 



■oT, ^^^fA-cf), <i - l o o>^rmtc. tf 

vf400//m, gj§£5//m, Ile5x;mt, < 1 1 - 
2 0>Sri*I(: N b.y^-l OO/iin, S$5//m, |£<i5 

^mioHtc < i - 1 o o>*i6jt»o-c , e«yf-4 

?^$0. ljum N ISfi5^mi;. <1 1-2 
0>^r|tj(^oT. tr>yf-l OOAim, I§0. 1/z 

m. mm5umn, m2<DW\K>m3 1 ozm&Ltz. tz 

rtfU»3£>M9ai309 C0^ffig(4 , Mia^ 1 com 

0*308 <ojsa5±tiuia» i cosa o a»K<o{H3 , +* 

^t-gCL7tejff(C^L. ^2iOtfJ0»3 1 0<7^j£ 
ffiB«4, MIS^3c0fJDit3 0 9 fctfff-RLfcffitfc: 

[0 14 9] X^^-f jeSEf-*"y^*JMfcL, 
IA-J:f-/;^A,?|.H!1D, GaNSM^^K 
v-y-TWL%XZmz£ 0, 24>+4><W?xj\- 
0 O/imx 1 0 77tf M/i. f- 

^0^^<O|gV^!j$-]ROajL^B)fs *WiD{49 2 
[0150] ^Qt<?)JBJ»T H 0 9 0 %£Lb?X 

mmcomixi- v y-ftmx-% tz<r>\t, mm * Mtss.it 
wmm/te* m%nmim*m#mLtizB&L. & 

o % — jBEfcHaJBr^"* i sSr< . m3coSJJ0«S:^l COM 
fflI^fiBI{cJS2cofiJ0»*»jSL«:C:fcfc:«t4. 
JSffiryf- >y 7&mz®m-t& Z t hlzUhX'fo h . 

mmcomm 3tit^t. ^-y y-coi^gt o *hkt lt 

V ^{4 . MflSB^N»*»Kit»t=:«* H - h° y^ LT ^ 
mzit^X. #%£*)lZmi 0%JJUi|fiI±LTV^4. 

[0151] *^St^»©f(4, micDMoa^^t 
x -y f-^«cj; 6-fiSWWrJMfc-cai*«« LT t a 

v\ F^-fx.yf-v^'T^ixtf. mm. 

4. ^X7hx.yfy/(t CTxJ4\ 7-ySL ^S?. 

[0152] mfm%mBtfUjmt lxu. i$m&m 
mx'igit-Ltzy-i isyyizi &j\-y$ - y hcom. x? 
yjymzmmLxh&\ minm*) 
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K>m mnmmzx 9 ?a rzmm ttz&. ±tex +y 

[0154] $$m<r>Mmx*n. w^mz^tv-i ?*? 
4 yim^LtztK tai ( c ) iz^ctx 5 t^x^-co 
^■y ; J3iHzcr>?>.. -M?)Ximzmf&Lxm?#mL 

Xl>&\\ z\cr>i%^^ ij3i>\-<7)®mM-t)n OO^mtl 

t xcDtmmitf , ioow maTxh zzttmit 

[0155] mm* K-t°>-^LTV^V^hW*#: 

xm±. mm* y-v>7Ltzm.im*mv£ : gM\,zskK. 
x. f7/^»iL<, mw><r)m?>-zm<-?hz\ttf 
#*u*. mMcomm^x-T&^tzi.odz. -f-vyftmz 
^mz-tztzMzizGaNrnmcvrnztti so^m&T 

mi£L<. ZhlZiJtLKlZl OOumlHT. 50u 
[0 1 56] £1z. i£.mV-t°>mtiX\,^^G aN 
SM<-f£:fri£i:LT. W1«7^J;3(:. ft 2 

m\ o sons t ft3cDM 9 «c7)^gp t oiwmm. * m 
^y^in-ox^^GaNmucom^tmrniz. 15 

T. 5 0jumfiLh"C*S. 

[0157] (HJt<0JB«R9 ) ^Qfc«0JgJB9J±, Igjfc 
<OJBJB 4 Oi&S H - 1 y ^ L fcBftBtfMMtaEK ( 
fctf>ff*l OO^m) Sr. ttBRF-tryT'fcfTo'OvSr 

v ( mm&om * so urn) iz$a& l 

[0158] *mm<7)&mr>^-yy"-ftn£^xwtwt 

^tij^t-th. ^X/N-CDGaN^dl^Mi^J: 
/P?£8 0;um(;rrS. 

[0 159] ltrlS^x^-2r F7^fX-yf V/tio 
T, tSAf£^ffiiC <l-i 0 0>^ri6jt^oT. i££ 
l^m. |£0IlO/ziru h'7f3 50//mt, <1 1- 

2 0>J|i]ttSt. SiSl/xm, aWflO/xm. tf-y 

T . G a HWrnVMizyA y--t,Z£ *) . < 1 - 1 0 0 
>*f6]^oT, t°-y^3 5 0^m. 1 0,unu II 
KO^mi, < 1 l-2 0>^T|ftlt^-5T. b°-yf-3 

3 OMm, 1 Ojunu f£H5 0/zmCO. ftltf)M9 
»4 0 8*J&fcL£. fc«U ft 1 <^fJ 0»4 0 8CD» 

«ffiS(±. ft i t>j o »«oK(Ui{y«f»*i:BSrsas 2 0 



[0160]^ jtS^A* -y ? * ftlSScU *7 

-7-T-ffLlT^ft:J:^ 2 -f y^<t><Wzt./-\-fr 
t>3 50umX330umftcr>i->yT£%m'&tz. f-y 
TcDWfflWlZ? "7v9, \Zy?*&m&. LXH^ 

•r. nm^^m\^im < otattzpfi. &w£*}H9 2 

%VXtXh-ytz. 

[0161] :*3SJt<OJE8BT\ 0 9 0 %VXtcr>. 

im<rym®.x~*f~ v-r-ftmx* tzcon. zmmzstsmit 
wpmmz. m&nmm&mi*mLkizM&L. s. 
l -mzmrthz\tt£<. &itm2cr>M<9mzB 

i>sg< »w l . m 2 <oso o mm 1 osn o mmx <o 

<mtfLLtzZblz£Z>, 

[ o 1 6 2 ] o , ti^jRwa^ftifm 
m 2 com o » ^&m±®¥m#3£fcm{jLW iota 

< . ft l coffl 0 »* J ft 2cofJD?fj; 0 i> mmtffo ^ z b 

tzx*). ft 2 cotij o miz x ->xmtLtzwnxm*K 
msmx-witiz, hmzk . ft 2 cofj 0 ajg^*^igft 2 

t , mmni- -y ymmzmw-tz, z. b tfx% % tz^xh 

[0 163] ttz. m2<OM0»J£ffl5*». S-ftft^mic* 

^TtS. L*»t^4>. ft2<7)fij'9?t5rx-yf-y^ffi 

TgnX^* J «^ L/c . #WI(^Kv ^ft 2 COM "3 «S:fe H B H ^; 
SS. »10W'5»«i:3iS2 0W'9»B* J J|55r* 

mM±. mrn^mmi bumxfoz,, mm^mm4bit 

^b. j-vycr&gt 0* J ffiTLTV^O{i. H^ft 
* t£ttX K - h' y ? * L T I vfr v ^^/i fc # 
x.t*tih. LfrLKtfh . ^< 1 2 otl±coSiJ 0 31 

>9ti*t» 1 0%£Lt|*LtLTH6. 
[0164] **ltco0ST'(i. ftlcofJD^coffM^ 

x -y i-y-rmz x h ivmttmxmz&fc lx «, b 

4. •>X7bX./fy/li 0|i(f. 7>y^. »^K S 

[oi65] lti±. *mmnm 



[0 1 6 6] ifc, *HSfe^^«-e<±. 3R2^»I0aMi 
=Srv\ U&'LSr**^ *l5fico7BJR<o N jS2<^W0» 

com&ZWt &Zt 4 TztbXhh . fcfc'U |?IS 
[0167] K-ey^LTv^v^a-ft:^^ 

» * l v > 0 mmcoBB 6 rii^Jt «t a t , + v r#w£ 

[0 16 8] ££ s ^3lK-h 0 yj?-'$ilTV^V-iGaN 

vyrztix^z^GaNmmcoB&tm&iz. 150 

um!ZTfiW£L<. $t>lZ#£L<i±lOO M m&. 
"K 5 0jumJ3LhT*4. 
[0169] ^tSO«»Wl!li93K;JPiT, 

iL<(i. *lfc»2«l!»>itW5rfc. X^7^r7-f 
>*»JSLTf--y7*4MWtTtft^. Sfc, HI (c) 
^7K-TJ;3(^ m<oM9»fcL<ti»2<o«9ill<ox 
■y^gp^-t. -tf<^ft»*r»j£LT3fl^frWLTt>& 

v\ <rc7)^. ^^^-commmtfi 0 o^mi^T. t 
l < { i . s 1 cm 9 2 ow 9 msmt xco 

u mmmmi. mitwmfmmwzismv-vy 

^tix^^k^comx'h^. 

[0170] (mm<mm 1 0 > j&mcomm 1 0 a, 

t v va: v ^^afflcgsR ( mm&comfr 2 5 0 /* m > 

[0171] ^Jt^JB^f-'yT-^HW^OV^TIJiWr 
ff§£2 5 0;txmK-r&. KfE->xy\-^ K^W x>y^ 
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y^tCioT. *SftJ3c£ffl<Dfflte. < 1 - 1 0 0>^T[6] 
ra-^t- I?5//m, H20//m, b°>y^3 5 0ju 
mt. <1 l-2 0>JfiI(Cj&-5-C. aS5wm, Hfg 
20/xm, t-yf-34 0/imO, ^2^M0?f 5 0 9£ 
MUc. 8wc % GaNi««:^ IT- fci 
0. <l-100>2F|ft|fci&-TC, e.yf3 50jcim, 
^lOO/zm, fSflSOjumfc, <1 l-2 0>*[6] 
tfi-'T, t*7f34 Oxtm, S§ 100/xm. tfc(B8 
0/zmO, atl<OW)»5 0 8*JBj£U;. *>*fU ^ 
1 «W 9 ?! 5 0 8 ^JjgfiSJi . 31 1 W 9 ?»0|gfS{3(J- 
^^^ffiem 2 cr>m 0 » 5 0 9 #-Srt-* i 3 i^-f h . 
[ 0 1 7 2 ] ^>f •/yy'i, K^^-r -y ^ &fS?feL, >7 
xys-^x-^/I^^^LJRO. ^ H B H j£*®«>^ig< 

*»^3 5 0/xmX3 4 0Aim^f-.y7 , *^ftf»5t. f- 
•y T<WMmz7 77?, f7t y^W^ LT ^ 

%JJLhT-ftofe. L^L^rA^. *2<OM0ai*x.yf- 
y^WfZX -oXBfcLtztzih. 7a-bxig*5ti(:^ 

x? 5 >f fizit^xmmt^ < . m-^x^-^ 

[0173] *^JtW^«T\ 9 9 0 %JiLh^), 

o N — at^jBrf 4 i t^r<, mitm2<vm y )ffiZB 
j£U ^2c7)«ijt9«jSgp&a-fi:!f%^*Mtirria»«t 

O^BiOtaK^JSt, m2«W9?l(i:mic7)»iJ i 9?S 

[ o 1 7 4 ] o . njknmtwm 
<» » < . m i <o»i 9 m&m 2 oso 0* i 0 1 *h**j£v •> 

^.ttiO. ^2WM , 9«tJ;- 5 T»iJii^fJWt#\ « 

m2cv® t ) mm&Fpjfom 1 cow o »<^j£^«ohm*hc: 

[0 1 7 5 ] »2WW9?lJg^\ S^^ft 

4i 4„ «1§<7)^V^2cr)fijK,«^^ H B B ^f|i| 

mioW9«1itm2c7)W 1 9?tg^M^4S 
[0 176] «[tfD^JB5 fc Jt-^S . f7 7^J 

^=Sr< t & 2ol:l±<0W , 9«&»!t-f -Stf--y 
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rwM-r&itmizticiKx. o%^±r&]± 

[0177] ^mmmmx'it. m 1 osy d*^^ 

x -y ^- y ymz£ &i\L¥mttmxm*m®. lt <, & 
w Y^^^-^y^htod. man. %.m&A 
x.>v^y7'm. 4*y$.vy?m. mM*yt'-& 

h« ^X7bx 7 fy/li:, fltf.tr. 7-ySL mm. 

[oi78] ltj4. *nm<7)B 

*\ x^ yA y^zxtmcnm^mmmi. 

[0 17 9] 4fc. *iat(?5jgJB-Cii. IS2<7)i!jr>«i|g 

-fy?"£. yAisyy. xt^jrmitmmLxhmb 

(4 . F 5 x >y f - y tz 14>7X -y h x >y +y?&& 
Ai>tfiL\>\ ^tl^znvi-y^^m 

I5x . y f-y^Sfia fcfcfcUi. U V 
[0180] K-tr^^LTV^V^-fC^^ 

»4, i&m* v-t'yfLtzmim^mfo&mizstK 

^tCf 6££>(;:{4GaN£8t0Dff§{41 SOjumJiTF 
*W*L<. 3&£#*L<{±100/*mjaT\ 50// 

[0181] *mt^siT-{4 . m i osij o a t m 2 0 
w 0 m i l x mmwzm < & o ^aap-c. 7x; >»- 

oaiisasiT-oejBaESis&'Mw^ fc30**F * tw maw 

MSmii . tt% H - tr y tf o T V vfr V > G a N£«tf> 
Jf» t HHHC . 150w mJaT##* L< . $ 4> fc*F 4 
L < «4 1 0 0 u m aTXh t> . HuieflJBfigSlco^OT 

[0 1 8 2] 4fc, *iffi«lltifgL/cSf5: H— 
t^LfcG a NiRIt flJBrLJJuKG a NS«Off 
^■150/imJ;»9 t*< LTV">£. icOi t lc J; 9 . §9 
0 «a3J3hT14WSfr 5 ht < V * J: 3 LT . * -y T^M 
mztk t-s. ^ 5 «y * y^^- -y h-y^j&i^-TS - fc 

[0183] *^tt^JBoW03lt:Jnir . ^3^ 



•? »fc LT . * 1 <m <)m#h& V ^{4^ 2 COf ij 0 . 
feL<J±. mifcm2cOM0»W*(c, x;5^77^ 
>-^«LTf--yT^»|LTt^^„ 4/s N 01 (b) 
^•Tiot^ 951^W9»t>L<Ji»2fiOW"5«^i. 
■y ^gfrft-fc. LT*^W LT 

V\ <IO«-^ s ^x^-^f.JlJI^'1 0 0/iml^T. t. 

l < a. m i <oso o meMip^m 2 om 0 «esp4 x-<n 

WBSEttft* 1 0 O^imjaTT** i k**jff 4 LV\ 
L, mrieigMi¥i4, S^^ft^^^SH-t-y 

7<*tix ^%\*k% comxh 5 . 
[oi84] (mmcomm 1 1 > ^ust^^^ 1 1 (4. 
t7r-f TffieR±t«BR h - 1 y? Ltzmm^mim 
'mfcmi.izte&fcM Ltzmim^mtez&tyA k 
•/ yftmz^ ^x mm-th . tt^^wt 
{4. ^■7T-fra«««fcitrss*tws'f§^tot-r 

[o 185] 06 (a) {4, cmv-yrArmmmi 

0. nlG a N12 0 s SW«c|«3 0. SSb'-fy/ 
Lit nlG a NJPM4 0 , nlGaNA' 7 7rl6 0 

1, nlA l I1 Ga 1 . 1 iN?9<y h'«602. S5ttS6 
03. pSAl l2 GaN^5yHJB604, plGaN 

[0186] urtzme ( a ) omwfatmttjmyj 
YomwMz^xwmth . 

[0 187] 4-f s MOCVDSTCffl-9-7 r-fraS 
R10 (J9^4 2 0,um) ±{iJ?Al /im(7)nIGaN 

^2o^m«L, MocvDtiaij^^Koaj-*-. <xiz. 

OOnmcOfS«#:M2:^B5;L. <J Vfyy j -fflTilZl: 

tcjax-r^,. HtriB«a«(4, g^^*m?hT*^4 

^/P. ZnO, MgO N Si, Ge, GaAs, Alt 

?t4t. Rm^-yrAT. um^yrAr^mmLx 
fc^vn 4st. mriatsfl:M4, man. sio 2 , s 

iN x< T i 0 2 , A 1 2 0 3 T»S . ^IrSc 7 )®® 1 1 CO 
l«*M3 0(4. SiOjSfifflU. 
[0 188]^:, HVPE^a^lfflE^X^-^-tr-y 
hL, ^H?IIS2xl 0'Vcm 3 , S U1S2X 1 0 
1 8 / c m3 & H— b° y ^ L=5r* s ^ „ if ^ 2 0 0 u m £0 n 
SG a N^^4 0 JMU>: . <! ' T\ *^BJC0Bg|ffl# 

[0 189] miGaNmm4 0^mmLfz^7ZC/\- 

sr. st;MocvDiitt7 hL. mmn&mitm 
m<7>f&&%ftx\ 06 (a) iz^mttm*mft?&£?' 

[ 0 1 9 0 ] friz. ±.aSMlt®*mft¥&tyA yf- m 

tt&mLtzv^-<nrv7~ttmiz~o^xmwt&, 

[0191] 06 (b) {4. m<m*)m6 0 8tm2<r) 
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[0192] ^mMcnmmcr)^ me^nmAmii^mvm 

6 0 011 nIG a NJP2 0 s t§1I#i3l3 0 . i&M K— 
t°y^t^nSGaNJ¥Jl4 0«t*^*s, tg^H 
-e>^LfcnSGaNilM4 0cOA, i^nlGa 

nj!2 o tmmv-t'yyzixtznmG aNmm4 o& 

t>ffif£Ztl~t^Ti>&^ . nltffi6 0 6(±, fill COW 

tTi/Ag^IfUv^. 
[0193] i-f. UE^xyN-wif 7 r 4 T»SK£ 

L flMffc iotl < Lft«»fgW/¥^ii, 

L<(i. 2 5 0/xmJaT"C*4. 

[0 194]«Wt, P iGaN3y^^M60 5± 

Pd (3nm)/Mo (3nm)/Au (lOn 
m ) W»C . SfttpItS 607*'JV/77^HS 

3 5 0°C-C'N 2 »ffl»4'-C-r--^2rfi : o^„ ^Wi fc 

[0195] mifB^xy\-Sr^-9--t;-fe.y h u W? 

r A TUmmi,Z. I§280/xm, li 

loo^m, t-y^3 5 0/zmwiiiww i 93i6 0 8 

Sr. HI (b) {c^-f*S^^T-^t^. SSI COM 0 
?l«gP(i, &SF-t°>^£tT^ftMtt^ftjg|6 0 

0 (nSGaNJf§|4 0) t X'$mtZ> £ O IzmtfLZti 
IS1WWDS6 0 8<7D8MHi. t£«#;JB|3 0W 

( a ) W®5t§l5 0 . WA5 1 W^^WfigT'^JfcLT 
t>Ht"C*4. figl WW9*ll#1^#:)g|Wvx? (it 
Zh£ 9 fcS^^-ti. fifHwW9iSw®j£fi 
BSr. f*«#VX?&g± («e«5 1 ) IzBffctZ zt 
$Mf2r6tf. l^frvx ? HBc&ll L/c 

[0196] t7r4 rmHsauofc:, T i ( 1 5 
nm)/Ag ( 1 50nm) n?E1Hi6 0 6 £JB 

ja-r*. ;wt#. mi<m*)mwzmmimmztiz 

iat-fS. *ft. t7r>( TlKEttLtfcaaiSilft n 

IS*!"— hfcttftU x^7-f^'-Ox-7';P±tc-9-7 

& . IDtflL ^-tyM A y H#tT » 
f&J&Rffi! (p!GaN3^^M60 WH± 



Siarisifc:, fflMlzLXX^yA 7-f&„ ZcoMlztx 
35QfJLmfKDj-'v7°\ l Zts:&j:o\,ZX7y4 7yJyZ 

xii. m2<m t )m6 0 9^m&ti. ftftu s?2w 
W9?»6o 9«^{aa(±. fufejsiww , 9«6 0 8w 

$m£v*9H7<rynto\^ m<fm¥mmzftLx< 

1 1-20>^«K1-1 0 0>JjfaX'$>&. 4fc, 
IS 2 WW 9 ?» 6 0 9(2. TO**ttS3*tT^i5r^ti«fc: 

[0 198] X?^^ SSf+7?^»tL, ^7 

d— 7— TifLST&^tcJ: 9, Hy+<i><7)*73u\— 
frt>3 5 0umAer>+ y7££&&t 1 . me (c) (eft 
£>ilftf- >y TW^S^f . f- -y TOQffliffilZ? y -y 
7. f-'yh°>^'W^L-Ci3^-f . ^^HwiEV^i 

[0199] #|Stt<OJEflI*t\ 8 5%0±cr>. ffiMcoB 
>y T#WT § ft Wti . H3t® £ ^^M-ftfe^* 

mmmmmv-t-y?-zixtzmim*mfcm6 oot 
xymtz x o iz&m L.m2com<o mam icomm 

ft^^*^ 6 o o «> ^^a-fKftiNMtrr * hztfr 

lR|-0^#M»1±Srfl-L. a^«j^mi*|«6 0 04» 
f:*B3R** b-^y^ZtiX^Z, tzthftmwg-mztj; ~> tz 
Zbb. fiSlcOMO « 2 WW 0 if J: 0 
<. fill fig 2 WW 9»£4HtT WBf-f--g.it (c 

-to. ^crm^mzk^xmxtzmtimK mmwm 

mtCWi h tzMzlt , « 2 WW 9 ^ ism 2 w 

w o i«£3ffT3j wig i ww <o maBMcommHzimt 

ZLi)X%<. L*>t, fiSlwW9»«isgWM±. g^fcft 
*ia*ft^ri»lfc:^*BI!S*i«ci:*|»jhL, mwn*v 

zrwmzmmt hzt t^x %htz#>xfoh« ttz, mm 
<r>m >m 2 ww o mzmik$LM:mcDmz&fc ttz w«. 
ft%.mmz±z<-rztz#>x°$>&. mi wMmmtm 
2 ww o mmw&t: h mk\t , mmcomm 1 1 

[02003W:. SM5!I^*M6 0 0 ^(Cig« K— 
t^LftS&mtCO^Tp-^ft t;-?>, H V P E^tcT 

srfio ft ji mnmimtmfrm wtg. 3 0 0 m m > 

SrJfBScLftt.1^. rat«S«Lht»**^< h'-try 
[020 1 ] tmZ H-h^^LTV^V^^WJJMW 
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m^^mms^mmsiHznmLtzm^. mwmm 

L^L^^'^, ^m&coBMco X 0 izt&m £ H - h° > 
[0202] ±IMWj£-3^Tli. fefrXte^^K a 

ftift^awisSK^fliifiLTv^ 1 1 imm^tvmm? 

b cofS<7)m&jj & mmizi o TStf> 6*1/0 > 4 <0O23r 
^*>i:#;t6*U». 

[02 03] *m&cr>BMV>ffif8X*mm h'-ty^O* 

•fteSB 1 COM 0 f - -y rfrB^f- 
•y tr > 5 -y * >rtm < . Bfao^tf - -y 

[0204] *^st^®Tii. m 1 cr>m*)mcmmz 

ffi, E C RX .y VT-ffi^D^ffifcffl^ 5 <I fc J&*T# 

£?r3#g#&4. 

[0205] Lx<i. *mmnm 

mx-m-ftLfcyj ^vnzi. t^-ya «, hcoflL 
9jym£mMLxi>&\,\ l^l&#'6. mono 

xfyJrizx&igicowwmBmz. 

[ 0 2 0 6 ] #KEte07B!BTti, IS 2 0 

<7>7E»X?^ r*«fi9tfe*», ±£X-y^-y^ 

V\ 3rif&6«\ 8MI£8K. fioifijlt. ?lffM*^ 
|g"CS>0, ^Wv-y^x-y^-y^jt^T. *7xy\- 
flJBr^CK^xv \- S-9 J 0 ffl®*^ v *0T, *— 
t 7xy\-*^^.< c7)f-. 7 T*^C:i:^T'# htztbX'fo 

Jyi&foLtzlfi. HI (c) tcScTJ: 5 fc^x^-^ 
x -y ^SP^-^o^ , -*f tf>Wt«*?Bj$ LTS^ffl L 



im * ?<7)VMmm& » 1 5 o « m i^tts> s c 1 

IZtSM Y-'£>7'%tlXU&i§r£<nm?>-X-fo h . 

[0207] ±tz, *mk<mmx\ *r?Tj rmxm 
zmmtx 2 5 ovmmmtx'B< lkw. *%wmt> 
izxh^mizx&t, t7r ■< rmmwicDmzi±2 50 

v mlXTW&t l < , ?^Cff^L<ii2 0 0/ Jl mlTF 
**** L^o^. 

[0208] *^it<0»J!l<o#S(±. SB 1 coMOSlJS^ 
/OWK-ty^six^a^w^Me 0 oiX'Zm 
Lx^zztt. mi?)M>offi!&&tm2cr)mK)mim, 

It. 2 0 0wmaT* ! ffiL< 1 §6tC*?^L<{±15 
0/<mJilT. SOjwmJSLh-C^S. 

[0209] *9m<nwm&. ±iE«fa*ta*LT vvh. 

[0210] (mmcomm 1 2 ) *n*t^« 1 2t±, 
mmcommi ico. &2<vM*)m : §:^y^>7'mz£i 

[0211] mim^mftzmyj *- mmt znm 

ja^r^i:. 9m?)BBl 1 (H6 (a) ) i;H8ST"£> 
4. ^/iL. nSGaN*JK4 0(±. Jg*?i«5xi0 
!, /cm3, S iiftKl X 1 0 18 /cm3*H-b°>-yL 

. mfrl 50m mfcg: Liz . 
[0 2 1 2 ] ifcfc, ±IE^-fl:^#«c5^r-f^-H* 
^ S-^fiSt t tz >7xy \-of . y r^fjtc-^v vc KHffs . 

[02 13] 07 (a) tmi (b)li. MO^lcOfll^ 
bJ-'yy°Byi$:Zti?ii5jkLX^Z> < , *MmcoBm<v. 
H7 4>^Stt^##:M7 0 0(i. nIGaNI2 0, 
l^m^3 0. ^H-t°y^'L7 l inSGaN/IM4 0 

^*g»T-j)?>A\ tmv-t'y^Ltznmmm4 o« 

4/i«nSGaNJR2 0f:«*H-ev^Sn^n 
MGaNJDK4 0^6«^^^TV^Tta^ o 

[0214] t-r. ±M^x./\-cr)^yr4Tmmm^ 
mmmizxKimmLx. j?$sri sojumcu «Mffi 

[ 0 2 1 5 ] MiB^xys-* y y 7 ^ 
vx^^a&L. *S B H B ^M^a&±^LT ( P lGa 

Nr7>;?^hJl) N K^tt^f ^ y X -y f- > jT^a^-fe y 

^£3jum. gl(i50/zm, h°>y ^3 5 0jumcr>Wi2cD 
»'J , 9«709Sr s |ll (b) fc*^«mBttT3B« t 

17 0 5±C, yy/57^-gMiV^Pd (2n 
m) /Au ( 1 0 nm ) <73Wc, iMplfg7 0 7 

*w->mm-%>. mz. mipmmmi^tz^ 
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T, Sf2OM0aUSWfc:. Ti (4nm)/Au(10 

nm) ^xtnmMif&mmi oe^m^-th. ttz 

(±s nM@3Ktt«ffi7 0 6 ZmmcoBB 1 1 -3 fc, 

nlt»i. jS3ettt^6i^»±*< . tfL^ Rafts 
< & 5 J: a e A u cD#*> 0 fc A l $ Srif < «tf £ i: 

[0 2 16] VJL^-ZmMLZ . ifyTJTU 
aHK-hte, 3fcRSfts<0«v\ A l kL<{iAg*£Wfc 

[0 2 17] lifE^x^-Sr^W h tpy 

lOOwm, 5 0 jwmCO^l «OM0ji7 0 8 

Hi <b) t^-rt&T^^T'^L^. fcjtfU * 
1 <OW 9 it 7 0 8 4. fl$ 1 fij 9if otMBtiff 

^*tlfie^2c7)fiJ i 9?l7 0 9^-©rri,J;atL. ? 

im^mmzMix<i i-2o>s^i±<i-i oo 
>umx'$>z. tfi. micowwmimte. s»si o 
t a^flj¥»*ii 7 o o t vMe&mtzm-z x 3 iz& 

[0218 ] mi <OgJ>9if 7 0 8^?i1g{i. f3mfrf|3 
O^t-yf-hl Ojtzmfcit^T, -Hfcfc#VVfcft N H6 
( a ) «0«a*5 0 . 5S^5 1 cr>b't>t><7)&mX'&mLT 

*■ , itftv^. ? ©g (Big 5 1 ) itzmm-t r 
m*m#mi. Mimmzi*)wm'7^m±x^L 

[0219] y-f ^ «y ? L . 7 

£>3 5 O^mft^f-.yTSr^SWI^. f- -y 7V)^Bff ffifc: 

m^mimmitzm. matins 5 %y±x'&-> 

[02 20] *£jfctf)»JBT. 8 5%£JLh<0. J9ra*)J|$ 
K£, F-ty^t^|S|^a^^^7 0 

M 0 if H - t > 7 § ix£Stt!f%¥zf ttflg 7 0 

o ± x-mmtz j -5 izmis. u as 2 cow 9 mj&mz rn.it 
®¥m#?tffl 703 tm x *) i> m< mm i . si 2 con 

9 «M4» 1 <r>« D «MR Jt 9 1 «E< flW Life i fc fc J: « . 



^2 9 . j£«M&sftft¥3Hfcj& 7 o o i> m&comim 

WziSMtf K- t° > § tlX \ ^ 7t*b*M* J ^ ^53ro 
£ t k . H 2 <0«!| 9 »J£iB3&«M^#«*||3K«{4« 
i 9 tm< , H 1 WW 9»**S»2 <7)fJ0«=fc 9 
J£v ^ fc fc i 0 , m 2 <7)f] 0 J: otM^i^SM 

w&wmmxfflti&izibiizte, m2cr>ffl<9mmm 
t^tm 2 ffM 9 awssmrar^sf 1 (on o ?icoKgp^M 

#*0r9, *H*A*rtI(^&H!$^S ( ii:*R&jhL s 

w aof - >y rmmzmm-t &zt &x- zzk #>xh h . 

^ yytm&i UztLxh, immM&m.m-t & ; t 

to&m >m 2 coin o m*m&&&a<mtzmi& lkv 
ti. 563eiua(^#<-r5fcftT*s. a as iom 
9 ?ite m 2 (om 9 itraii siiii. mmmm 1 

[022 1 ] L^L^r*^. m2tfOW9«$rX-yf->^ 
[0222] ^Sfeco^® 1 1 -C'^^rJ: 3 H 

-fc°>^t^if^M-f^^*)i7 o o zmmLUz 

W®«ftEC7J fc L < IZJjfiUZ i oTft^f Cittli itlite 
[0223] JSS K— t°>-^$n^-o7t^<7)*SIS| 

<mm(rmmz^xi>9m.<mmi 1 kR«T*4. 

[0224] *^St^jg®X'{4, £ 1 WW 9 
^^^^'SrffifflL^*\ vx.y M 7 fy^K5^ 

x y +y?wz x zit^ittrnx-mmfc lx t, a 

\,\ Yy-i^v^y-fxhtili. mt\i. %.m>&4*y 
^y-f-yym. 4*y$.vy?m. muM^yt'-j* 

4. 7X7M.yfy/H ^Jf, gft^^ 

t Lxa. *mmcoBmx$gftLtzy-t isy<y\,zxh>\ 

SRWii. **9»*tv^{±v^^v\ 
[0225]4fc, *H*fcMST'<i. m2cOW9«S 
co^t H x >v^y LtztiK >7x-y hx 7 

?Ai/yy. x?74 7mzmmLxi>m*> 

L^L^'A., *Hltc7)^cr)£2iOW9«{i. 

K X >y f-y^S* Jtii^X 7M7 
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h z t tz x o . i 4 a^ftitmift»3e«^wii 

f-f^ife*fr3 fefttli, U y/77 * HBEfSfc i 4 v 
[0 2 2 6] Sfcfc, 01 (c) IZ^k-fZoizWlimcO 

o m&&tTco®mvm&. i5 0u mam, &zt 
t>w±L\,\ fc*:*u KriewBSBiiti. a^fmifMF 

[ 0 2 2 7 ] t fz , *^Jfii7)^«T\ t7r-f T«»£ 
SrWSLT 1 5 0jumSK4"CW< L*r#\ *Wmt> 
Ki^^ffctCtSi:, •f7r^ra»K^ff${i2 5 0 
^ mJHTjWff* L< N §4> fcjff 4 L < ti 2 0 0 ,u mJitT 

[0228] *9mmmp>im±. m 1 <^w 9 

z t , ^(mvmm&tfmiLwmftztmx o tT 
tj(c{2«tT4 i i: . m i oso o rnimt m 2 cow 0 m& 

mi. 2 0 0 J «mOT* i 'ifiL<, §£>fc*?iL<lil 
[0229] ^IWli, JJB1«S*S*LT VVh. 

[0230] (me»<o?kbi 3) ^mm^mmi 
mm^mmit^ 1 oiT-tfcv^T. cffie-fc^#* 

[023 1] i-> y r4MW<o§^tt^#*L/£*^, »J0 

?i^M^-f6](i. < 1 1 - 2 0 >jmtm$ L < , &{e 

< 1 - 1 0 0 >#|Src&4 . fl9rl£2r|ftjj&>6 , ± 5 0 j&k 
i-WvCWCk&lv, f)ie<l l-2 0>77fS]fc^o 
TfflDSSML. *f)LttHSgfflli {1-10 
0 > BT'fcS. HtTie< 1-1 0 0>73f*]t?ft-3T 

$ID«£«&£U 4MWLTT#4SfflBli. {11-2 
0 > ®T*4. 

[0 2 3 2] iix^co^ritjcoffl^^^ioT^fRS 

il4^-yr^(S. jETj^. *7J^ IHfcJB, 

1 1 < 1 1 - 2 0 >;frrtj£-£tf «t 3 fc, ±ie 

f77»tt^jtscj;^^Lv\ wijf. mom 

^ffM7JlW< 11-20 >Jifacr>?>.X'ffifcZtifz , I 

Lfc*-^ ATJ^^fflLtMfflSOJt*^ L/S = 
1. OlM^iLK §^CfiL<li. MieSyT 
BcOte.mcDUH>]tf< 1-10 0>7J|6rC\ JtfflOTJlW 



<i 1-2 o>7jr&n:-£>4. .rfui, ^>yT$HW<7*§^ 

fc<l 1-2 0>7J[*]£. *<W9i»Bj£U iffc. ff 

ia*mfcJt^Tf-yr4M»D»Kf< i - 1 o o>?ffr 
< mm&L~t& tztbx'h 4 . 

[0233] ttz. ±ie7fffiM«^IlJLT. -?--yT^§rj 
cOHgK:7f(fj5-Mffl(c»B«LT^S'J-t4^ s L/S 

Jfe^iiot^^/sA, xzcommfrt>, 

•y T^M^fflfiSrM 0 »{c7l £flD 1 4 i t **T'^ . f - -y 
~rm\Z®%l,z~th z ttfX'Z 4 . L/sJt^' 
4^. a^<0^-yr^S«M<7). 4^7jT-fJ4C:i: 
J^T'^S. ±tfiL/SJt<7)±RS&4^LT^4<7){i, f- 
■y r ^^y-Y H cox-r A±(zy n° -y ^r- ^4 R 

[0234] (mmcomm 1 4 ) ^mm^mm 1 4 
m^mm ikio a-cttjwr , Mss^^m^c 

S^SrfflV ^^-co , fij 0 »®jS^ri*i t^--y 7i«(;o 
^Ti£^4. fe^L, TIET-a^47f(*I(i. fflftfim* 
*^*tf-47ffi[rS)4 0 

[0235] -f-"/T#m<7)®%&£i$mLtzWr£. »J0 
■McoBtftt mii, < 0 0 0 1 >^rifij36»jffi L < s iJct;< 
2-1-1 0>7J(*ITS)4» mrieTj^A,, ±5'gg 
4T~f*rcwciiH,\ mE<0 0Oi>^riU(zj&<9T 
WOS^JitU. ^-fJLTT-#4^Hii {2-1-1 

o } mx-h&. *st, uie< 2-1-10 >7ffrtc»-5 

T»J0«Sr®^L. ^WLTTS 4SMfi. {000 
1 > 

[0236] Zti^coJjj^com^h^zX-oXB^ 

[0237] lEfv>Ktt^, m&ZmiRLtzm 
M^B<DMmLtmSlScoitiK L/S = l. 0 1 
~4«U\ $4>W?4L<«. mrlB^7J®«®a 
<0*l*I**< 2-1-10 >7JfaT\ *acO^|B(*«< 0 0 

oi>^ri6j-c«>4. ztiii. 1- v r oo 

^T^-yr^MiOll^<2- 1 - 1 0>^2r^< 
S^^T4^T35)4. 

[0 2 38] iiEJjfflWffitaiLT. f-yT4MW 
coSlt i 5r*l*I*ffliat:ai?gjSLT^WtS»^-, L/S 

•y T4MMo»5rff!l 0 * JOx 4 Z t tfXZ . f- «y 
7^MS:^t-t4 £ fc^'T'^ 4 . Mt&. L/SJt* s 
4^^-. ii*^«yr4MWi^). 4®OjjTm2>Zt 
*>'T§4. ±iBL/SJt<7)±RS^4{c:LT^4<7)ii N f- 

(z. &£.Llz< WzisbXfoZ,. U-oX. ^-/TftMin 

[0239] (^fcojBJB 1 5 ) ^mmcomm 1 4 i±. 
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»^«*-|fiUi. <0-l 1 l>;frfr#*?4L<. &(;: 
< 2 - 1 - 1 0 >7j faT-ftS . !9iE2r|6jj&»4> . ± 5 * S 
gi-CfJit^ttS^. H>rl2< o-i i i>^ri*i(ca 
^TMO»Sr^L. 4HWL-CT#4HHBi4 {2-1- 

i o i mx-hh. mria< 2-1-10 >^t^ 

oTWOitfcJ&fcU *«ILTTS&ffiffl{i % {0-1 
1 1 } ffi-C&S. 

[0242] ±IB^-yT^«<0|*j, JfcfrJBfcaHRLfc* 

^?^«iaLj:3aiasoib& t , l/s=i. 01 
~4#W*U>. £4>fc#iL<{4. HtrlE^^Mffl 
«3D*|6l*K 2-1-10 >^|6JT\ ^a^i*i^< 0 - 
1 1 i>:fri6rr&4. f-yT^snos^^<o 
-1 1 1>^$-. ^<woa^jsL^ mz, mi-nm 

tit^X^-y T4HRJtf)SK3r < 2 - 1 - 1 0>£-|ti]£^- 
=5: < »7&dW4 /SAT* S . 
[ 0 2 4 3 J * . ±f E3; {iWfiUcM It, f 7 

•y rfl-WofflJi&tn 0 & SDX * i t . f - -y 

4<9*£, ffitt^f-yT^HWBfc^ ^COjjT&l&Zk 
•tfX'ZZ* ±IBL/SJtC0±HS-4(cLTV^c7){i s ?• 
-y TS-SBfcSM HoxfAlt; >? «y £ 

[0244] ( mmirn 1 6 ) 1 4 (4, 

$®fc<7)B1&lfrh 1 O^TICfcVvc. AHS-fMW&ft: 

[ 0 2 4 5 ] f- .y ?ftw<7)®%&zm&. Ltzm^. m o 

«^^|6l(4. <0 0 0 l>^ri6jtl,<{i, <0 1- 

1 0 >jm&t> 57.6' commit t<.mz<o 
1-1 o>#i6rt»&s. irie*i*i*»6, ±5° mstx- 

•tf*VOvCfc.&V*. t?fB<0 0 0 l>:frfrto£HT»J9 
»*JBl£U S SgffiJi { 0 1 - 1 0 ! It 

AS. Mie<0 1 - 1 0>^Tf*]^<b5 7. 6° CO 

*fflK&oT«9»£JBJ*U * »4. 

{01-12} HSTA4 . ifc, mfi< 0 1 - 1 0 

{0001} HT*S. 

[0 24 6] iil4cD*|oI^ffl^*)i*-fcJ:oT0«§ 



tii+vTrnmi.. mum. %3jB. =mb. ffisa 
b. &Btfbh. m*)m<F>B&n&ii)K ^<ti<o 

00 l>3r|6jkL<(i<0 1 -1 0>*|dI*^57. 6 
• <o;*ri*j£-£tr 4 3 , JJB* -y TWfciHWt* £ 

[0 24 7]J:ief77fft^. <0 0 0 1>Mt 

<o 1-1 o>^r(6i^4>5 7. 6° crrtifaZ'&tsiLo 
lz. E.ftBBVii> L < liWM«tf -y rr#W L 
fc*^. ftfc. ^yrtfMa^&^itgT'&S*:^ f- 
•y Tftm<Q1£%i 0 ttHJfTft £ . ±IE^ >y T-JBfttf) 
F*3- < 0 1 - 1 0 Xfrft t < 0 1-10 >2rfa*>£> 5 

7. 6- co^ioi^oiofc. y-nwmmmz+yzr 

4HWLfc*6\ BBiETtfEffl^OMia^ifeiAKO 1 - 

1 o>^rrfijT\ ^a<y)^ri^**< 0 1-1 o>^ri*i*»^ 5 

7.6' <r)JjfoX'fc&. Ztllt, 1->yTttW<?)®B%< 
0 1-10>J|*IK5 7. 6° ^Km^ffi 

Bsai. mz, itrie*-i*itit / <.Tf--yr^-sij<7)fflii<f< 

0 1-1 0>*ifti*^<»3g|fi-f syirft-c**. 
[02483 Sit. ±IEf->y7^tt<0rt, JfcfrJBfcjHS? 

^^^fflLtsas^jt*^ L/S = 
B<7)tem.<D-%fttf<o 1-1 o>;fri6rc. ^jaco^rioj** 

< 0 0 0 1 >1?fli?t) i . £ fi(4 s f - -y r#*k0W5r 

<o 0 0 1 >^r*]*. #<W9»^L. ffrta^r 
f^tit<T-f-yr^-Mois^<o 1 - 1 0>*r6]^ 
%c<mBfcthtz#>X'hZ,. ttz. miZ&UBBttcoU 

immzm lx**v T-wmnmm&iTto * mmzmm 
* SrJnx s i *j-cs , f - -y r^m^mz-th z\ t & 

W^Jf, L/Sit* J 4<y)%^ s ii^C0f--y7°* 
fjB§^ N 4fg^T-S'JI»>ri:* i 'T-#l»„ ±IBL/SJt^ 
±RS* 4 1 LT^S C0(4. f - y T ^5Btr-f KO^ 
xA±(cyN'.y^r-i/-rsf^(c s ESL(c<^ feftTft 

[0249] (mmcoBm 1 7 ) ^mmmmxu. m. 
im^m^-^m^im^x . tm^^mB^t^ 
'yT^miz-o^xmrn-h. 

[02 50] nlGaNlS8 0 0«ilMC 

[02 5 1 ] 08 (a) {4, «*«1 1, nlGaNi 
SSOOA^iiSn-C^T, niGaNSt8 0 0 
(4, MAy7rIl 5. nlG a N^2 1 . 
3 1 . JSSH-try^$^cnSGaNJi[Jl4 1*^« 

[ 0 2 5 2 ] MO C VDffitlSt 1 1 ±iZlS*/*y y 

rm 1 5 s- 5 5 orrsjf-rs. iJct. l 0 5 O-C^JS 

JKSSrCS i * K-f^L^%, lAtmH^ n 
MGaNflS2 1*fHR^S. nSGaNJK2 1 ^fHH 
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MOCVDgli^, ffie^xyN-^JXD^L, X 

frig 3 1 £ 1 0 0 n mmUL L . U 7 ^ HBfBT, 
huIBIS«*M3 l h r^^-y(cjn 

Xt* . HUISX h7-f Tfftli nlGaNl2 1 fc** 
LT<1-1 0 0>:frfafc*h^:r£©j£LT s m/IB 
J}ftlzttLxmw.Jjfo?><l l-2 0>irioifc^h5^ 

temrnfttigt3 10ttvvt:<7xy\-£HVPE£IB4H;:-fe 
-/ h JfoKi&gl 1 0 0°C. S u&g3x l o 18 /c 

[0253] ±IBKjt^C J; ,t n fG a NJH«4 1 

«-C-BUie«S^ 1 1 Zm^TR <9 % nlG a N*^8 0 0 
£ft*W:. nlGaNfig8 0 0li fiSAy7rl 

miZ. nlGaNl«800ll RWW3 1 **X/C 

[0 2 54] ±EnMGaNX«8 0 0^1gJi^ttj 
i^T. SS^ti, CM-»f7r^T. MIt7r-i7, A 
St7r^(7, Rffitf^r-f 7\ GaAs, ZnO, M 
SO. *tf*/K Si. GeOfa*ij&»£fl§v*h.{f5^. 
ffiSBAy 7rll5)i 4 5 0°C^ 6 0 O^OJikSia 
ST»j£L*:<£fiGaNA.y 7t|, ffiiSA 1 NA-y? 
T«, fiSAl.Ga^NA'^rl ( 0<x<l ) . 
ffiSl nyGaj.yNA.y^rS (0<ySl) OMfX;6> 
tfflVVfltfAV*. ISmJK3 Si 0 2 $| s S i N s 

SGaNl2 1ii, nlAl z G ai . 2 NI(0<z< 
1 ) T^ToTfc&H. 

[0 2 5 5] **K-t^3*ifcnSGaNJWR4 1 
tt, «*K-e^§*lfcnSAl,Ga 1 _,NJWK (0 

<wg i ) z*h->Ti>&t,\ mmmte±mmco&m 
tmmizi x i 0 i4 /cm3jiLhH— ey^$^.rv^ 

[02 56] ±IBnMG a N»£8 0 0 (DW^miZH 

[0 2 5 7] ft. MOCVDittS iffiSKl 1 (JS 
^4 0 Ojum) ±(Cjf^l jum<7)nMA 1 GaNJl2 1 
5-a«L L MOCVD^»^BXDait-o fcfc'L. H8 

(a) {c*L5tffi«5A.y7r«l 5ii. WSLSrVvfra* 

GaNH2 lti s ^<fct 1 0 0 0*CJ2LLtf>B^ia* 



[0258]^, ±ssms^mtm»^ mm® 3 

'^U «*fcSi*K-e^L=3r**^, nlGaN 
fclxi 0 14 /cm31iLhH-tr>^§^TV^(f^ 

< . wm* 20// m & v > . ±ie»it^i£ t m 
4H-siciis, 3c-s i cmmx-hz* 

[02 59] mz, ±ISnMGaN«^8 0 0 fcfflU 

j o 2 6 o ] 08 ( b ) a, mim¥mkv-*mm.* 

n^Lxm, n!GaNit8 0 0. nlGaNA'77 
rJI80 1, nlAl 0 . 1 Ga 1 . 9 N?77Hl8O2, 
nSGaN^ KI8 0 3, SttJl8 04. pfAl 
0.26Ga 0 , 8 N^t!J77n7^f8O 5. pfGaN 
K«8 0 6. pSAl u Ga 0 . 9 N^77 H«8 
07. pMGaN3>^^hS8 0 8*^ai^$^T^ 

-So 

[026 1 ] |?riBnffiG a N»£8 0 0 J: 
V. S i 2ftKt£ffiR K-7nlG a Njp$|4 1 fc ft fC 
&S. MOCVDgtt, f«fBriSGaNS«t8 

0 0 £-fe «y b U 1050 "CcOJfcKare nlGa N A 
77rl80UUmMU. ;^nlGaNA 7 
7 r/f 8 0 1 (i. 1 1 frt> nlG a N»tE8 0 0 

&MHR£fc$(C£&fc. nMGaNS^8 0 0tf0^ffi 

it) zmizm?tzmx'$>'). n<Tt«b«rv». 

L^'^ s nSGaN/JJK4 1 tffiR* K-f>/LT 

v > s t%&(± . ^cb^ 7 * u v-tfmtt himizh & tz 

*s *^S^S^J:5(:nlGaNA'77rl80 1 
*KttJt**«if4L.^. *Jt, nIGaNy\' 7 7rf8 
0 111 nlAl I Ga 1 . I NA' 7 7rl(0<xS0. 
3 ) TioTt^U. 

[026 2] mz, 1. 0^mc7)JI§c7)nSA 1 0 . jGa 
o.9N^5-/HJl8 0 2*JS*-f-S. S^fc. ffSO.l/z 
^nlGaNM^ K«8 0 3***-^*. nlGa 
N3fc<r-f K*8 0 3Bg*f*. *^<7)S^^ 7 0 0*C-8 
OO'CtlCW, JP§4nm<0I n 0 . 15 Ga 

0. 85N#^iltJI$ 1 0 nmCDI n 0 . zeGaNPfSilJ: 
»?fl!(RS^L4gStt«8 0 4 (#JUfrP#Ffllii. *HIS 

[ 0 2 6 3 ] ifcfc:, mWSJg.1kMV 1 0 5 0 "CiT-#S 
LT. 2Onm«Jf^ P aAl 0 . 2 Ga 0 . 8 Nj:0^l, 
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K-b>? LTkJs^U h'-b-y^L=5r<TtSV\ 
[0 2 64] *<75», MgJH-ty/tmo.l*ii 

lo.iGa 0 . 9 Nj; 0*4^7'/ Hfl|8 0 7*«j|-f S. 

!GaNJ;i3^3y^?M808«lL/;. 
[02 6 5] CK^aHcLT, p!GaNay^^M8 

'Jr^XtNHjt&t, 6 Ot/^T'Sg^^ 
TS-febt. S^iS^'8 5 0°CtSL-/^B$,*T\ NH 3 

SiB*T»T§-t**:. JJ2£tRtf>tt»iBJSi 6 5 
0 °C#> 6 9 0 0 'CCDmtWt L < . #«B#p^(i s 3 
±1 5^TA J »iL*»-57t„ ifc, S*TiB*<^i!lita[ 
JKtt. 3 0r/#J2LbWff* U\ ;«0«tdCLTfNR 
S*utjftHR*5v>«et:J:r>TfP«LJtlS*, fltrlS 
¥&£J:D. flf*. fOfflSftTi^pS^Tx-zl^ff 
< fc t . SfcRflWCfc: p Wtt,<wmi £^LTU£. 

fc. S IMS»&Mr->fclSJIk 3£©*3®ft*# P MG 
aN3W T*Jl8 0 8«aiB53fiffirC3 x 1 O'Vcm 

[0 2 6 6] »Bj#^tJ:4S»tiJ:S4:, f&Rm*® 

*wt s p s^rwhtc* i m g commtzmfz z t tf 

[0267] I«ICplGaN3y^?M808^ 

comgikMl&m* 5 x 1 0 1 9 / c m 3 J^TtCfc 4 i b ifi 

[0268] *H^CO^SIc7)SttJg8 04il 3JltJA> 
4>*4£**?#F«ii«:fEHLfc#, WffiwJUgim 

arc t & < . #F*o*^#-*^#FflBs-c t> a ^ . 

SSttJIJil n y Ga w N (0<ySl) *^1*j£SixT 



[0269] plGaN3y^7M808OpI^ 

m&$>< Ltttfjgttw z.cozbiz.kiopwmm 
mmz *&ay??h trntfrnztz . * ^ , P 

*Bfc£-*-4fcfcfc:, PliKfitMIcoSS^jlAS 

[0270] art, ±tsa-fi:^»ft^-Hf^&^ 

jSL/s^xyw<?Df-.yr4J-WCov^TEI8 (c) , 
( d ) S.VH9 ( a K ( b ) TM-ri. . & 

4. 

[027 1 ] if, ifS^X^-cOG a NSSRfi 
tSfcctOPSLT. i|«h'-t>/^)tGaNSt£7) 
1 0 0//mtL, «ffiifJL£-$-4. <Jcfc, 7>yg? 

t l < itmimzintsffi&t)* t>%& &£®mx\ ma^ 

x/ \- £ x <y f - y yymt 4 <, im-yfV i . 

[0272] Rm&4*yx. v1-y7$i'g$:m^ 
X, plAl 0 . l Ga M N?57Kl8O7^piGa 
N 3i^-f h'jf 8 0 6 <50#M £ XM *) TlfX . U -y ^ h 

yj-rmmzmfcLx (Vv : ju820) . js©f$n^ 

I^-t^^ ^~ K * fHS-f 4 . 'J -y ^COX h 9 >f T3f 
[*l(±> S-ft!fe^N»««0< 1-10 0 >^T[SlHffML^ 
(09 (a) , (b) ) . 

[0273]»:t, mm^mm4 1 mmiz, mikf&sm 

com ( P lGaN3^; hM) KJCtt^^yx.y 

b°v^-3 0 0^m^2«SiJ , 3a8 1 3*««Lfc 
(09 (a) ) . fT!E3?2<y)§ijr)«(i. Xh^^7°^r&] 
i:Httrftco<i-i o 0>^ri*i{:a^T»)S3iTJt. 

[0 2 74] SiO 2 ffiil80 9^1fL, U 

■y^'gP8 2 OWpSGaNny?^ h®8 0 8c7)ft^S 

msmm-ft (2jubih) zwmt&xo 

IZ^ Pd (10nm)/Mo (lOnm) /A u (15 

onm) zmizmmmtxpwmmsiozBjfctz. 
tffiBpM*ffi8 1 o*m&Lim. m&<mm^mxL 

%&t>. 4 5 0°CCON 2 nm^*XT--;l-$:i : T-otz„ 
ZcoztizXKi. pMm&BmzX&ayfrhmfLC?) 

[0275]«UT, iy^\-£mMUzLX . GaN 
aMWC. T i ( 1 5 nm) /A 1 ( 1 5 0 nm) lz£ 
h nlti8 1 1 2-, y 

^-y^m-h^M. GaNSa^^2 



(27) S2 001-85736 (P2001-85736A) 



[ o 2 7 6 ] mz. m^mioom^m^- h 
o#tt. ks^- -vy ^ t«im> . m o & 

09 (b) IS**-. HSfiL GaN££ffiI 
<7)H±(=, h-7f300^m, Si?$2 0wm, 11115 0 

/xm^i^fiji9«8 1 2%mfcth> tztzL, mico 

fJD«8 1 2CDBfcimi±. Mie^2^fiJD?«8 1 

&mm*Mzmic7)m>)ffi8 1 2<o*itgc7){5{2'**#- 

T<1-1 0 0>*-[6jT"$>^. 

[0 2 7 7] acfc. 3Zlcrffl*)m8 1 2^|6jfc^LT 
SlttfKl l-2 0>^rft]t^ f 7 f5 00/im, 
2 O^m, ||ifS3 0//mC9gSl<7)OT9i*8 1 4£. r-f 

[ o 2 7 8 ] is>y&. v^-znv-mifr 
N36Rfil*±fc:LT3S0#ft» HSf-v v^tSSt 

*j o » 8 1 4 mm±.cr>i m*$mz&-o x. t^t 50 

Ojum, g|§3^m, &m5umX'—®X7 74 7-? 
h . C: «D*fc: LT S3tf>»| 018 15 S . fc*f 

u mmx?7jy<7)jjmi. m.wto*mmznLx< 

1 l-20>:fr|iiJT'*>&. 

[0 2 7 9] X^7-f^ JtSf-+-y?£HftU «> 

<GaN«««A»iJ>ai3<OS!lO»8 1 5fc:«H"C^*il! 

U l^— lf«^W5 9-«ffi*JgjjS^-« (08 

(c) ) . miCDWWm 8 1 2«0*|6jtJ&oT 

±ieR«c *~/yftm*ft? (08(d)). 

[0280] iOJ:3(:U. 24>+<f>Wzzj\—fr 

wsffiiz? 5 v 9 . *v*:>ymim2kLxi5t>-f. ^ 

^ft^v^£flX9ajL*:j3r. 9 !±9 5%ULh 

xh^tz. 

[0281] b-Hf^oi ^-nnmi^mxmm- 

IHffir*6 { 1-1 00} H*S9-SBfflt-rsJ:5 

<i i-2o>*mt&->xm*)mzmm-h<7>ifi 
mtu\ ttz. mmcomm2. inx?^ 

BlttS t . «tt^#iS<7)S 7 -SHE* «t 9 

[0282] t as , mmcomm 1 1 x^mmcomm 2 
co^wwm. fo&wmmcommi lx^mmmm 
7<7>&m}3m£m^xi>&\,\ 

^xmm-t^ii. mmcomm4. 5. 9, 10^ 
u 1 2 co^-mxmm-h z t tmt u ^ ras«r tf , 

tz&j&-t& z t ffxz & t^xh & . 



[0 284] V— f*fOS7-SMM^i<f 7 r 

[0285] **ffe<7D^®-C# fe^SJ»S{i±|2IISfc^ 
[0 286 ] *Hat<^JBTJi*«H*»4, % nf 

»3OT. nmm<7)imz®ihfiimitxi>&\ l \ y± 

[0287] 

ft < mme>Bk-*M XizWBrrz Z k ffXZ h . 

[0BC7)fSm^|KB^] 

[0i] ( a ) mmcomm 1 L/cf - -y r^w^to 

<0W 0 »^«^0fS> 6 . ( b ) mncOBB 1 T'S Lfc 

miiofj o ( a» ) omxh s . ( c > n5s<o 

[02] mfficOBB 2 X'Tjk Ltz+ -v rftmcotzthcom 0 

[03] ^Jt^JgSR 3 -C^LJt^- -y 7*4MWc0fc«><!0»| 0 
«^B5;cO0T"J>l>„ 

[ 04 ] mii&C0BM4 X^jk Ltzl- -y T^mcotzlsbcoWl 0 

[05] mmcomm 5 X'jjk Lfz^~-y Tftmcofztsbeym <o 

WB&LcrmX'b&. 

[06] ( a ) m&COBm 1 1 L JtSfcft¥#flca 

3t^-r ^- h comfsmxh 5 . ( b ) mmcoBB 1 1 t- 

( c ) mmcoBMl 1 T'^ L*Sft!fe¥#ffc?Bfe^ 

[07] ( a ) mMcDBM 1 2 T'^ LJt^- -y 7*4MRk?WS: 
^^OfJ 0 j«ffMO0f* h . ( b ) mmcDBB 1 2 Ttk 

Ltzwm^mmtsty^ h o^- -y re* s . 

[08] ( a) lllWill 7tSL!tnIGaNSi 
OfSt^T** 4 . ( b ) mttoBB 1 7 L 
ife^flc u -^«*0T* 5 . ( c ) mmcoBB 1 7 
T^L^9^M¥«iffcP— ff77(^ (l-lOO)R 
ffi0T-J)4. 

[09] ( a ) m&CDBB 1 7 f ^ L^S-ft^^^P 
— ff- 77OU1-20I SrW0T'£S. ( b ) mfe 
«7B3B1 7T"^L^a^W«fr^-lf 1 -c7) N r> X y N _ 0 

fEBISIfcKffiBI'CfcS. 
[»#«0lffiBH] 
10 t7r^7SSS 
1 1 



(28) 32 001-85736 (P2001-85736A) 



15 ISA* 7 7rl 

2 0.21 nSGaNJK 

3 0. 31 mnikm 

4 0,41 tm V-t°y? Zti?z nlG a NJJM 

600, 700 m<m*mftm 

1 00,200.300. 400. 500,800 n 
iGaNlfi 

102. 202. 302. 402. 502. 602. 7 

02 nlAl.iGa^uN^^-yHl 

103. 203. 303. 403. 503. 603. 7 
0 3. 8 04 vgffi* 

104. 204. 304. 404. 504. 604. 7 
04 p®A l l2 Ga 1 . l2 N?7-/KJB 

106. 206. 306. 406. 506. 606. 7 
0 6. 8 11 nil! 

107. 207. 307. 407. 507. 607. 7 
0 7. 8 10 pltf 

[01 ] 




(d) 



108. 208. 308. 408. 508. 608. 7 

0 8 micDmm 

1 09.3 1 0.409.509. 609.709 W. 

2 0 9. 3 09 m3cn^m 

802 nlAl Oil Ga 0i9 N?57KI 

80 3 nlGaNMO'l 

80 5 plAl 0 , 2 Ga 0 . 8 NJfty7yn.y^l 

80 6 pIGaNM^fKl 

807 pSAl 0>1 Ga 0 , 9 N?7 7HS 

808 piGaN3>?^M 
80 9 Si0 2 ffi^JK 

812 SH^JD?! 

813 |32^SiJ9« 
8 14 SIl^WD?! 
815 m3(DW\K>m 



[02] 



207 
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[04] [05] 




(b) 



(30) 12 001-85736 (P2001-85736A) 




F^-A(##) 5F041 AMI CA04 CA05 CA34 CA40 
CA46 CA48 CA49 CA53 CA54 
CA57 CA65 CA74 CA75 CA76 
CA77 CA82 CA92 
5F073 AA13 AA73 AA74 CA07 CB02 
CB05 CB07 CB17 CB19 CB22 
DA05 DA22 DA24 DA25 DA32 
DA34 EA07 



